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Abstract
High precision angular distribution data of (α ,α) elastic scattering are presented for the nuclei 89Y, 92Mo, 106,110,116Cd, 112,124Sn,
and 144Sm at energies around the Coulomb barrier. Such data with small experimental uncertainties over the full angular range
(20-170 degrees) are the indispensable prerequisite for the extraction of local optical potentials and for the determination of the
total reaction cross section σreac.
A systematic fitting procedure was applied to the presented experimental scattering data to obtain comprehensive local potential
parameter sets which are composed of a real folding potential and an imaginary potential of Woods-Saxon surface type. The
obtained potential parameters were used in turn to construct a new systematic α-nucleus potential with very few parameters.
Although this new potential cannot reproduce the angular distributions with the same small deviations as the local potential, the
new potential is able to predict the total reaction cross sections for all cases under study.
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1. Introduction
The α-nucleus potential is the key ingredient for the calculation of α-particle induced reaction cross sections. For intermediate
mass and heavy target nuclei the reaction cross sections are typically calculated within the framework of the statistical model where
the cross section σ (α ,X) of an α-induced reaction is given by the product of the compound formation cross section σCF and the
decay branching bX into the X channel. Usually, the compound formation cross section σCF is approximated by the total reaction
cross section σreac which depends on the transmission coefficient Tα of the incoming α-particle. The decay branching is given by
bX = TX/∑i Ti where the summation has to be performed over all open channels i (including Tα ). This leads to the well-known
proportionality
σ(α,X)∼ Tα TX∑i Ti
. (1)
In many cases it turns out that the transmission into other channels is much larger than the transmission into the α channel. This
holds in particular for the neutron channel as soon as the energy exceeds the threshold of the (α ,n) reaction. In such cases we
find TX ≈ ∑i Ti, and the cross section σ (α ,X) in Eq. (1) becomes proportional to Tα , i.e. it is mainly defined by the transmission
coefficient into the α channel and the underlying α-nucleus potential. The full formalism of the statistical model is reviewed e.g.
in [1, 2].
It has been noticed that predictions of α-induced reaction cross sections at low energies have large uncertainties depending on
the chosen α-nucleus potential. This holds in particular for (α ,γ) capture reactions for targets with masses above A≈ 100 [3–10] but
also for (α ,n) reactions as e.g. seen recently in [11, 12]. In addition, the uncertainties of (α ,γ) cross sections translate into similar
uncertainties for the prediction of (γ ,α) cross sections and (γ ,α) reaction rates under the stellar conditions of the astrophysical p- or
γ-process [13–15]. The stellar reaction rates of these photon-induced (γ ,α) reactions are usually determined from the inverse (α ,γ)
capture cross sections using detailed balance because thermally excited states contribute significantly to the stellar reaction rate of
photon-induced reactions [1, 16]; these thermally excited states are not accessible for (γ ,α) experiments in the laboratory.
Despite significant effort over the last decades, there is still no global potential available that is able to describe elastic scattering
angular distributions and cross sections of α-induced reactions simultaneously with high quality. Up to now, the four-parameter
energy-independent potential by McFadden and Satchler is still widely used [17]. A many-parameter potential has been developed
by Avrigeanu and coworkers over the last decade [18, 19]. A simple potential for higher energies is given by Kumar et al. [20] which
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has turned out to be inadequate at very low energies. A further global potential has been developed by Demetriou et al. [21], and
a simple 6-parameter potential was optimized for reaction cross sections at low energies by Rauscher [22]. An attempt was made
to find a common potential for α decay and α capture [23]. Very recently, a further regional potential in the cadmium/tin/tellurium
region has been derived from elastic scattering data by the Notre Dame astrophysics group and coworkers [24, 25].
Elastic scattering is a standard method for the determination of α-nucleus optical potentials. However, at energies close to
the Coulomb barrier ambiguities are found for the derived potentials because of the dominating Rutherford contribution to the
scattering cross section. It is obvious that experimental data have to be measured with high precision to reduce the ambiguities as
much as possible. Here we present a summary of all the data that have been measured over the last 15 years at the cyclotron of
ATOMKI, Debrecen, together with a new and consistent analysis within the optical model.
The paper is organized as follows: In Sect. 2 we briefly present our experimental set-up and the data analysis. Sect. 3 provides
some information on the theoretical analysis and the derived local parameters of the optical potential. All experimental data are
listed in the Tables at the end and are available as supplementary content. A suggestion for a new α-nucleus potential is given in
the Appendix (Sect. A). All energies are given as Ec.m. in the center-of-mass system except explicitly noted.
2. Experimental technique
2.1. Beam properties and targets
All alpha elastic scattering experiments discussed in the present paper were carried out at the cyclotron laboratory of ATOMKI,
Debrecen. In this paper a brief overview on the experimental technique is given. Further experimental details can be found in the
original papers [26–32], conference proceedings [33, 34] and in a Ph.D. dissertation [35]. The proton and neutron number, the
chemical form of the target material, isotopic enrichment of the target, the energy of the first excited states of the target nuclei and
energies of the measured angular distributions are summarized in Table A.
The energies of the 4He++ beam — provided by the K20 cyclotron of ATOMKI — were between 13.8 and 20.0 MeV with
typical beam currents of 300-500 enA. Since the imaginary part of the optical potential depends sensitively on the energy, it is
important to have a well-defined beam energy. Therefore the beam was collimated by tight slits (1 mm wide) at the analyzing
magnet; this corresponds to an overall energy spread of around 100 keV.
The targets were produced by evaporating isotopically highly enriched material (≥ 95%, see Table A) onto thin carbon foils
(≈ 20 µg/cm2). The target and backing thicknesses were determined via alpha particle energy loss measurement using a mixed
alpha source which contains 239Pu, 241Am, and 244Cm radioactive nuclides. Typical energy losses in the carbon backing and the
targets are about 15 keV and within 40 and 70 keV, respectively. These energy losses correspond to about 150-200 µg/cm2 target
thicknesses. The targets were mounted on a remotely controlled target ladder in the center of the scattering chamber. The stability
of the targets was monitored continuously during the experiment using detectors (see below) built into the wall of the scattering
chamber at ± 15◦ (with respect to the beam direction).
2.2. Scattering chamber, detectors, and angular calibration
For carrying out the alpha elastic scattering experiments the 78.8 cm diameter scattering chamber was used. Ion implanted
silicon detectors with active areas of 50 mm2 and 500 µm thickness have been used to measure the yield of the scattered alpha
particles. Two detectors were mounted on the wall of the scattering chamber at fixed angles ϑ = ±15◦ left and right to the beam
axis. These detectors were used as monitor detectors — their solid angles were 1.1 x 10−6 — during the whole experiment to
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normalize the measured angular distribution and to determine the precise position of the beam on the target. The detectors used
to measure the alpha scattering angular distributions were mounted onto two independently movable turntables. On each of the
turntables between 2 and 5 detectors were placed. The solid angles of these detectors varied between 1.36 x 10−4 and 1.93 x 10−4
(calculated from the known geometry), and the ratio of these solid angles was determined precisely by measurements at overlapping
angles with good statistics (≤1% uncertainty).
In order to derive precisely the scattering angle, the exact position of the beam on the target has to be known. For this reason,
the following procedure was used. An aperture of 2 mm width and 6 mm height was mounted on the target ladder to check the
beam position and size of the beam spot before and after every change of the beam energy or current. The beam was optimized
until not more than 1% of the total beam current could be measured on this aperture. As a result of the procedure, the horizontal
size of the beam spot was below 2 mm during the whole experiment.
The elastic scattering cross section at forward angles differs by several orders of magnitude from the one measured at backward
angles (see below), this fact necessitates very different counting times at forward and backward angles. While at forward angles
the spectra were collected for typically 5-30 minutes, at backward angles to achieve reasonable statistics the measuring times had
to be typically within 3 and 6 hours. Furthermore, a reliable dead-time correction is also crucial. For this reason the automatically
determined dead-time provided by the data acquisition system has been verified using a pulser in all spectra.
Knowledge of the exact angular position of the detectors is of crucial importance for the precision of a scattering experiment
since the Rutherford cross section depends sensitively on the scattering angle especially at forward directions. The uncertainty
in the angular distribution is dominated by the error of the scattering angles in the forward region. To determine the scattering
angle precisely, kinematic coincidences were measured between elastically scattered alpha particles and the corresponding 12C
recoil nuclei using a pure carbon backing as target. One detector was placed at a certain angle to measure the yield of the alpha
particles scattered on 12C, and its signal was selected as a gate for the other detector which moved around the expected 12C recoil
angle. A Gaussian had been fitted onto this experimental yield data. From the difference between the expected 12C recoil angle
and the maximum of the Gaussian the angular offsets of the detectors can be calculated. In addition, in some experiments the steep
kinematics of 1H(α ,α)1H scattering was analyzed using a thin plastics (CH2)n target.
This process was repeated for all detector pairs. The angular offset of each detector was less than 0.17◦ and the final angular
uncertainty was found to be ∆ϑ ≤ 0.12◦ in the case of each detector. The given uncertainties of the measured cross sections contain
the uncertainty of the scattering angle using standard error propagation; thus, the uncertainties of the scattering angle are not given
explicitly in the tables.
2.3. Data analysis
The elastic scattering peaks have to be well separated from the inelastic events and from alpha scattering on carbon (backing),
oxygen, and other impurities of the target and/or backing. The energies of the first excited states of the target nuclei are listed
in Table A. In principle, if the separation between the elastic and inelastic scattering is not properly done, it can lead to an
overestimation of the elastic scattering peak. However, since our energy resolution is about 60-80 keV and the energies of the
first excited states are far above 500 keV, typically around 1 MeV, the separation could be properly done. Furthermore, the peaks
corresponding to elastic and/or inelastic alpha scattering on the carbon backing or on its oxygen contamination are also well
separated from the elastic alpha scattering events of our interest because of the strong kinematic mass dependence of the energies
of the scattered particles.
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Angular distributions between 20◦ and 170◦− 175◦ were measured at each energy listed in Table A (except for 92Mo at 15.69
MeV; due to technical problems at the end of the experiment, in this case the angular distribution was measured between 19.7◦ and
154.7◦, and the very backward angles could not be covered), at angles below 100◦ in 1◦ steps and at angles above 100◦ in 2◦−2.5◦
angular steps. The statistical uncertainties varied typically between below 1% (forward angles) and 4% (backward angles). The
count rates N(ϑ ) have been normalized to the yield of the monitor detectors NMon.(ϑ=15◦):(
dσ
dΩ
)
(ϑ) =
(
dσ
dΩ
)
Mon.
N(ϑ)
NMon.
∆ΩMon.
∆Ω , (2)
with ∆Ω being the solid angles of the detectors, and ( dσdΩ )Mon. is approximately given by the Rutherford cross section. Finally, the
measured cross sections are converted to the center-of-mass system.
Whereas the Rutherford normalized cross section data cover about two orders of magnitude between the highest (forward angles
at energies below the Coulomb barrier) and the lowest measured cross sections (backward angles at energies above the Coulomb
barrier), the underlying cross sections cover more than four orders of magnitude. Over this huge range almost the same accuracy of
about 2-5% total uncertainty could be achieved for each of the studied reactions. This error is mainly caused by the uncertainty of
the determination of the scattering angle in the forward region and from the statistical uncertainty in the backward region.
The absolute normalization is done in two steps. In a first step the absolute normalization is taken from experiment, i.e. from
the integrated beam current, the solid angle of the detectors, and the thickness of the target. This procedure has a relatively large
uncertainty of the order of 10 % which is mainly based on the uncertainties of the target thickness. In a second step a “fine-tuning” of
the absolute normalization is obtained by comparison to theoretical calculations at very forward angles. It is obvious that calculated
cross sections from any reasonable potential practically do not deviate from the Rutherford cross section at the most forward angles;
typical deviations are below 0.5 % for all potentials. This “fine-tuning” changed the first experimental normalization by only few
per cent and thus confirmed the first normalization within the given errors.
3. Optical model analysis
The comprehensive analysis of the elastic scattering angular distributions is carried out within the framework of the optical
model (OM). The interaction between the α projectile and the target nucleus is described by a complex OM potential
UOM(r) =V (r)+ iW(r)+VC(r) (3)
where V (r), W (r), and VC(r) are the real part, imaginary part, and Coulomb part of the potential UOM(r). The real part is calculated
from the double-folding model with the widely used DDM3Y interaction [32, 36–39] where the folding potential VF(r) is modified
by two parameters:
V (r) = λ VF(r/w) . (4)
λ is the strength parameter of the order of λ ≈ 1.1−1.4 leading to real volume integrals1 of about JR ≈ 350 MeV fm3. w≈ 1 is the
width parameter which should remain very close to unity within about 1−2 %; a larger deviation of w from unity would indicate a
failure of the underlying folding model. The folding potential is given by
VF(r) =
∫ ∫
ρP(rP)ρT (rT )veff(s,ρ ,ENN) d3rP d3rT (5)
1As usual, the negative signs of the volume integrals JR and JI are omitted in the discussion.
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with the nucleon densities ρP,T (rP,T ) and an effective energy- and density-dependent nucleon-nucleon (NN) interaction veff which
factorizes into [37]
veff(|~s|,ρP,ρT ,ENN) = f (|~s|,ENN) ·g(ρP,ρT ,ENN) . (6)
The energy ENN in the NN interaction is usually taken from the energy per nucleon of the α projectile: ENN = Elab/AP. f (|~s|,ENN)
is composed of a short-range repulsive and a longer-range attractive part and a zero-range exchange part (e.g. [36]):
f (|~s|,ENN) =
[
7999 e
−4s
4s
− 2134 e
−2.5s
2.5s − 276(1− 0.005ENN)δ (s)
]
MeV (7)
The geometrical definition of the interaction distance s in Eq. (7) is shown e.g. in Fig. 1 of [38] (s in fm). The density-dependent
g(ρP,ρT ,ENN) is given by
g(ρP,ρT ,ENN) =C(ENN) ·
[
1+α(ENN) · e−β (ENN)·(ρP+ρT )
]
(8)
within the so-called frozen-density approximation. The parameters C(ENN), α(ENN), and β (ENN) of the density dependence in
Eq. (8) are fitted to reproduce the strength of an effective G-matrix interaction [40, 41]. The results for the parameters C, α , and β
as adopted in [38] are listed in Table 1.
It has to be noted that the influence of the chosen parameters for the density dependence is minor for several reasons. First of
all, the energy dependence of the parameters C, α , and β is minor: in the shown energy range in Tab. 1 (5 MeV ≤ Elab ≤ 40 MeV)
the parameters C, α , and β do not vary by more than about 5 %; the energy range of the scattering experiments in this study is
much smaller. Second, the parameter C scales the total strength of the interaction; any arbitrary choice of the parameter C will be
compensated during the fitting procedure by the adjustment of the potential strength parameter λ . The parameters α and β have
some influence on the shape of the folding potential; however, this is at least partly compensated by fitting the potential width
parameter w. Instead of discussing the parameters λ and w it is recommended to discuss the real volume integrals JR and root-
mean-square radii rR,rms of the fitted real potential because these parameters are practically independent of the chosen parameters
C, α , and β of the density dependence.
The basic ingredients in the calculation of the real folding potential are the nucleon densities of the colliding nuclei. They are
derived from measured charge density distributions which are compiled in [42]. For the α-particle the sum-of-Gaussian parame-
terization was chosen because the corresponding measurement covers by far the largest range of momentum transfer. For the target
nuclei the average potential from all available density parameterizations was used. For 106Cd the two-parameter Fermi distribution
of 110Cd (with R0 scaled by A1/3) had to be used because no data for 106Cd are listed in [42]. The variations of R0 along the
cadmium isotopic chain are of the order of 0.5 %; thus, the uncertainty of the extrapolated density distribution should remain small.
W (r) is taken as Woods-Saxon potential (surface type):
W (r) =WS× d fW S(xS)dxS (9)
with the potential depth2 WS and
fW S(xS) = 11+ exp(xS) (10)
and xS = (r−RS ×A1/3T )/aS with the radius parameter RS and the diffuseness parameter aS. It has been found in many studies
that the surface contribution is dominating at low energies, and the volume part is small or even negligible [12, 31]; this finding
2Note that maximum depth of the imaginary potential W(r) at r = RS×A1/3T is Wmax(r) =−WS/4 in the definition of Eq. (9).
7
has recently been confirmed in a microscopic calculation of the OM potential [43]. Finally, the Coulomb potential VC(r) has been
calculated from a homogeneously charged sphere with a Coulomb radius RC identical to the root-mean-square radius rR,rms of the
real folding potential (before adjusting the width parameter, i.e. w = 1).
The above choice of the potential reduces the number of adjustable parameters. Three parameters of the imaginary part (WS,
RS, aS) and two parameters of the real part (λ , w) were fitted to the angular distributions using a standard χ2 search. However,
because of ambiguities of the potential the parameter search was restricted to the above mentioned region of real volume integrals
JR ≈ 350 MeV fm3. The ambiguities increase towards lower energies, and in some cases very shallow minima in χ2 have been
found with parameters w which deviated by more than 3 % from unity. In such cases, the width parameter w has been fixed either
at w = 1.0 or at the average value found at the higher energies (note that typically this average value does not deviate by more than
1 % from unity). The fits are shown in Graphs 1, 2, and 3, and the parameters are listed in Table B.
In addition, the total reaction cross section σreac has been calculated from the obtained potential by the well-known formula
σreac =
pi
k2 ∑L (2L+ 1)(1−η
2
L) (11)
where k =
√
2µE/h¯ is the wave number, E is the energy in the center-of-mass (c.m.) system, and ηL are the real reflexion coeffi-
cients. The uncertainties of σreac have been estimated from phase shift fits using the model of [44] and are typically of the order of
about 3 % (except at the lowest energies); see also the discussion of uncertainties of σreac in [45]. Minor differences between σreac
in this work and our previous study [45] – typically within the uncertainties of this work – are due to the fact that σreac in [45] are
calculated from different potential parameterizations (volume and surface Woods-Saxon in the imaginary part) whereas this work
uses an imaginary Woods-Saxon potential of pure surface type.
For the comparison of total reaction cross sections σreac for various projectile-target systems at different energies it has been
suggested to present the data as reduced cross sections σred versus the reduced energy Ered which are defined by
Ered =
(
A1/3P +A
1/3
T
)
Ec.m.
ZPZT
(12)
σred =
σreac(
A1/3P +A
1/3
T
)2 (13)
The reduced energy Ered takes into account the different heights of the Coulomb barrier in the systems under consideration, whereas
the reduced reaction cross section σred scales the measured total reaction cross section σreac according to the geometrical size of the
projectile-plus-target system. It is found that the reduced cross sections σred show a very similar behavior for all nuclei under study
(see Fig. 1). Significantly different σred are found for weakly bound projectiles (like e.g. 6,7Li) or halo projectiles (e.g. 6He), see
[46].
The results of this section are used as the basis for the construction of a new systematic α-nucleus optical potential with very
few adjustable parameters. Further details of the new potential are given in the Appendix (Sect.A).
4. Summary and Conclusions
The extraction of optical potentials from elastic scattering angular distributions requires experimental data with high precision.
This holds in particular at relatively low energies around the Coulomb barrier where the repulsive Coulomb interaction governs the
measured angular distribution. Increasing ambiguities of the derived potentials are found when the energy is lowered below the
Coulomb barrier, e.g. when approaching astrophysically relevant energies.
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Here we have presented a summary of the experimental scattering data for the nuclei 89Y, 92Mo, 106,110,116Cd, 112,124Sn, and
144Sm which were measured at ATOMKI, Debrecen in the last 15 years. The target nuclei were chosen to cover even-even and
even-odd nuclei with magic and non-magic proton and neutron numbers. The measured angular distributions cover the full angular
range from about 20◦ to 170◦ in small steps of 1◦− 2◦ with uncertainties of a few per cent. These data are used to extract locally
adjusted optical potentials, and from the obtained local potential parameters a new α-nucleus potential is suggested which is able
to reproduce the experimental total reaction cross section σreac at the measured energies with deviations of less than 5 % in most
cases and less than 20 % in the worst case.
Elastic scattering data are the indispensable basis for the extraction of the optical potential, but this basis is unfortunately not
complete yet. Angular distributions are available for targets in the mass range around A ≈ 100, but complete angular distributions
with small uncertainties are still missing for heavier targets above A ≈ 150. There are significant complications of the analysis of
scattering data at energies below the Coulomb barrier. Thus, in addition to the analysis of elastic scattering angular distributions,
further experimental cross section data for α-induced reactions are required to determine the weak energy dependence of the real
part and the strong energy dependence of the imaginary part of the optical potential. Such a combined effort using elastic scattering
and reaction cross sections should be able to resolve or at least to reduce the long-standing problem of α-nucleus potentials at low
energies and the resulting uncertainties in the prediction of α-induced reaction cross sections in the near future.
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A. Appendix: Suggestions for a new α-nucleus potential
In the following we present some suggestions for a new systematic α-nucleus optical potential which is derived from the
ATOMKI scattering data in this study. At present the potential is based on elastic scattering data in the mass range 89 ≤ A ≤ 144
and in the energy range 13 MeV . E . 20 MeV. The mass range can be extended in a standard way by measuring and analyzing
angular distributions for targets with A < 89 and A > 144. As has been pointed out in [39], the α-nucleus potential is not very
sensitive to the mass of the target above A ≈ 60; consequently, the new potential may be considered as valid for A > 60. An
extension of the energy range to higher energies is not planned because it has been shown (see e.g. [12, 31, 43]) that the imaginary
part of the potential changes from a dominating surface potential at low energies to a dominating volume potential at energies above
≈ 30− 40 MeV. An extension to lower energies is essential for the prediction of low-energy cross sections of α-induced reactions.
Such an extension cannot be done easily by elastic scattering because the cross section approaches the Rutherford cross section.
Instead, experimental reaction cross sections have to be used to further constrain the α-nucleus potential. It is interesting to note
that under certain conditions the reaction cross section of a particular (α ,X) reaction is almost entirely defined by the α-nucleus
potential.
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The following suggestions for the new systematic potential are based on two new ideas. First, as a careful inspection of Table
B shows, there is only a relatively weak variation of the potential parameters for all nuclei and all energies under study. Obviously
such a finding is very helpful in the construction of a global potential. However, the relatively small variation of the potential
parameters turns out to be non-systematic (except the increase of the imaginary volume integral JI with increasing energy) which
complicates the determination of a global potential. We will accommodate this finding by a simple averaging procedure for the
potential parameters as outlined below to keep the number of adjustable parameters as low as possible. Of course, a many-parameter
global potential (as e.g. suggested in [18, 19, 24, 25]) will be able to reproduce elastic angular distributions with smaller deviations
in χ2; however, because of the non-systematic behavior of the potential parameters any extrapolation using many-parameter global
potentials may become uncertain.
Second, we suggest a new energy dependence of the imaginary volume integral. This suggestion is based on a new parametriza-
tion of the energy dependence of JI as a function of the reduced energy Ered (see Fig. 2).
We place special emphasis on the reproduction of the total reaction cross section σreac because σreac is the essential basis of any
calculation of reaction cross sections within the statistical model. As will be shown, the deviation between the experimental σreac
and the prediction from the suggested potential remains small in all cases under study.
Of course, the derived parameters and its uncertainties may be further improved by including more scattering data as e.g. from
[12, 24, 25]. The suggested potential has to be tested against experimental cross sections of α-induced reactions, in particular (α ,γ),
(α ,n), and (α ,p) reactions. Such tests and further optimizations of this global potential are beyond the scope of the present paper
and will be presented elsewhere.
The geometry of the real part of the potential can be determined from the folding procedure with very small uncertainties. From
all angular distributions we find an average width parameter wall = 1.0061± 0.0095. The analysis of all semi-magic (SM) target
nuclei results in wSM = 1.0104± 0.0108, and from the non-magic (NM) target nuclei we find wNM = 1.0006± 0.0025. Thus, it is
reasonable to adopt w = 1.0 for the global potential. It has to be noted that there are still significant uncertainties for the real part
of the α-nucleus potentials for unstable nuclei because density distributions from electron scattering are only available for stable
nuclei [42].
The energy dependence of the real part of the α-nucleus potential is expected to be very weak at low energies. The intrinsic
energy dependence of the interaction, see Eqs. (7) and (8) above, leads to decreasing volume integrals JR with increasing energy.
However, the coupling of the real and imaginary part by a dispersion relation leads to an opposite effect at low energies. No
systematic trend for the energy dependence of the volume integrals JR can be found in our scattering data. Thus, we adopt an
energy-independent strength of the real part of our global potential.
The strength parameter λ of the real part has to be derived from the energy-independent volume integral JR. Here we find the
average values of JR,all = 354.9± 20.8MeV fm3, JR,SM = 342.4± 9.6 MeV fm3, and JR,NM = 371.0± 20.6 MeV fm3. Because of
the differences between JR,SM and JR,NM we recommend to use the lower value of 342.4 MeV fm3 for semi-magic targets and the
higher value of 371.0 MeV fm3 for non-magic targets.
It is more difficult to provide a reasonable imaginary part for a global α-nucleus potential because it is well-known that the
imaginary part increases with energy because of the increasing number of open channels. (Note that the total reaction cross section
σreac increases strongly with energy even if there is no energy dependence of the imaginary potential; this is simply due to the
increasing tunneling probablility at higher energies.) We find from our scattering data that the geometry of the imaginary part is
well constrained by the scattering angular distributions. The average radius parameters RS of the imaginary surface Woods-Saxon
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potential are RS,all = 1.430± 0.086fm, RS,SM = 1.477± 0.038fm, and RS,NM = 1.370± 0.094fm; the average diffuseness values
are aS,all = 0.470± 0.100fm, aS,SM = 0.423± 0.056fm, and aS,NM = 0.531± 0.114fm. Because of the relatively small deviations
between the results for semi-magic and non-magic nuclei we adopt the average values from all scattering data: RS = 1.430 fm and
aS = 0.470 fm.
The strength of the imaginary part is parametrized by the imaginary volume integral JI . Here we find a relatively well-defined
behavior for the JI vs. Ered dependence which can be fitted well by the following formula (similar to the phase shift behavior in a
resonance):
JI(Ered) =
1
pi
JI,0 arctan
Γred
2(Ered,0−Ered) (A.1)
with the saturation value JI,0 = 92.0 MeV fm3, the turning point energy Ered,0 = 0.89594 MeV, and the slope (or width) parameter
Γred = 0.19659 MeV. The data and the fit are shown in Fig. 2. The parametrization in Eq. (A.1) has been chosen because the widely
used Brown-Rho parametrization of JI [47] has turned out to be inadequate for the description of low-energy reaction cross sections
(see e.g. [3, 12]). A Fermi-type function for JI (with the parameters as e.g. used in [3, 11, 12]) has the disadvantage that JI almost
vanishes at energies below 10 MeV, and thus the calculated total cross section σreac becomes smaller than the inelastic Coulomb
excitation cross section. Eq. (A.1) is some kind of compromise between the intrinsically steep JI(E) from a Fermi-type function
and the intrinsically shallow JI(E) from a Brown-Rho parametrization.
In the considered mass range 89 ≤ A ≤ 144 the depth WS of the imaginary surface Woods-Saxon potential for the chosen
geometry (RS = 1.43 fm, aS = 0.47 fm) is approximately related to the volume integral JI by
WS ≈ (0.8112+ 0.008363AT − 1.432× 10−5A2T )× JI (A.2)
with WS in MeV and JI in MeV fm3 in Eq. (A.2); this equation holds also for 50 ≤ A ≤ 210 with small numerical deviations. The
results from this new systematic potential are shown in Graphs 1, 2, and 3 as dashed lines, and the resulting deviations χ2/F and
total reaction cross sections σreac are listed in Table C. It is obvious that the global potential deviates stronger from the experimental
data than the locally fitted potential. Nevertheless, the experimental total reaction cross sections σreac are well reproduced in all
cases.
Here we provide a new α-nucleus potential with a very limited number of parameters. The folding potential in the real part has
to be scaled to the corresponding volume integral JR for semi-magic or non-magic targets (i.e., one parameter for the real part). The
imaginary surface Woods-Saxon potential has an energy-independent geometry (i.e., two parameters for the imaginary geometry
RS and aS), and its energy-dependent strength is parametrized by the saturation value JI,0, the turning point energy Ered,0, and the
slope parameter Γred (i.e., three parameters for the imaginary energy dependence). The parameters for the calculation of the depth
WS in Eq. (A.2) do not count here, because these parameters are only a technical help to calculate WS from a given JI . This small
number of parameters is close to the widely used 4-parameter potential by McFadden and Satchler [17], but significantly smaller
than the recent many-parameter potentials by Avrigeanu et al. [18] or Palumbo et al. [25]. It follows the idea of [18] that the energy
dependence of the imaginary part should be related to the height of the Coulomb barrier because the imaginary volume integrals JI
are parametrized in dependence of the reduced energy Ered.
The suggested new potential shows relatively poor χ2 for 124Sn and 144Sm and is also not perfect for 110,116Cd. The problems
with 124Sn and 144Sm may simply be related to the fact that the derived average parameters are not very sensitive to the measure-
ments of 124Sn and 144Sm because in these cases only one energy has been measured. It is obvious that the average parameters are
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most influenced by the many data points from the lower-mass target nuclei with A≈ 100. This clearly calls for further experimental
data for heavier targets with masses far above A≈ 100, i.e. in the mass range 150≤ A≤ 210.
There is no simple explanation why the new global potential works well for 106Cd, but shows some problems with 110Cd and
116Cd. The angular distributions for 110Cd and 116Cd look similar (with about σ/σR ≈ 0.015 at very backward angles in the 19 MeV
angular distribution) whereas the elastic scattering cross section for 106Cd is almost a factor of two larger (σ/σR ≈ 0.03). It has
to be expected that any global potential with few smoothly varying parameters will show similar problems with the description of
angular distributions along the cadmium isotopic chain.
Although this simple global potential is not perfect in the reproduction of the angular distributions, it nevertheless reproduces the
total reaction cross sections σreac within the given uncertainties in most cases. Even in the worst case (110Cd, E = 15.56 MeV) the
deviation does not exceed 20 % for σreac; such an agreement is the basic prerequisite for the prediction of α-induced reaction cross
sections. However, further studies beyond this paper are clearly necessary; the presented new potential should be considered as a
first version which is based on the scattering data of this work only. The largest uncertainty of this global potential results from the
parametrization of the energy dependence of the imaginary volume integral JI(E) in Eq. (A.1). Several parametrizations have been
suggested in the literature for the energy dependence of JI but a strict theoretical derivation of this energy dependence is missing.
In addition, the parameters of any JI-vs.-Ered dependence cannot be fully constrained by elastic scattering experiments which are
typically done only at energies around and above the turning point of Eq. (A.1), but not below; see also Fig. 2. The saturation value
JI,0 = 92 MeV fm3 is well defined from the elastic scattering data around the Coulomb barrier with about 10− 15 % uncertainty;
this uncertainty has only minor influence on the prediction of reaction cross sections below the Coulomb barrier. The uncertainty
of the turning point energy Ered,0 is also of the order of 10 %; but together with the much larger uncertainty of the slope parameter
Γred this leads to considerable uncertainties for JI(E) at energies below the Coulomb barrier which may exceed a factor of two or
three at reduced energies below or around Ered ≈ 0.7 MeV which corresponds to energies of e.g. about 9 MeV for 89Y and about
13 MeV for 144Sm. This uncertainty of JI(E) has significant impact on the prediction of reaction cross sections at low energies.
Consequently, reaction data have to be taken into account for better constraining these parameters Ered,0 and Γred in particular at
lower energies. Furthermore, as pointed out above, the radius RS and diffuseness aS seem to be slightly different for semi-magic
and non-magic target nuclei. Of course it is also possible that the parameters JI,0, Γred, and Ered,0 in Eq. (A.1) depend on whether
the proton or neutron number of the target nucleus is magic or not. Such investigations will be presented in a forthcoming study.
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Fig. 1: Reduced cross section σred versus the reduced energy Ered for the data in Table B and Graphs 1, 2, and 3.
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Fig. 2: Imaginary volume integrals JI versus the reduced energy Ered. Further discussion see text.
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Table A
Charge (Z) and neutron (N) number, chemical form, and isotopic enrichment of the target material, Ec.m. energies for each of the
angular distributions studied at ATOMKI in the recent years. Furthermore, the energies of the first excited states of the target nuclei
are listed, too.
target
nuclei
Z N chemical
form
enrichment
(%)
Ec.m.
(MeV)
1.st excited
state (keV)
Ref.
89Y 39 50 metallic 100 15.51 908.97 [29]
18.63
92Mo 42 50 oxide (MoO3) 97.3 13.20 1509.51 [26]
15.69
18.70
106Cd 48 58 metallic 96.5 15.55 632.64 [27, 35]
17.00
18.88
110Cd 48 62 metallic 95.7 15.56 657.76 [30]
18.76
116Cd 48 68 metallic 98.3 15.59 513.49 [30]
18.80
112Sn 50 62 metallic 99.6 13.90 1256.85 [31]
18.84
124Sn 50 74 metallic 97.4 18.90 1131.74 [31]
144Sm 62 82 oxide (Sm2O3) 96.5 19.45 1660.03 [32]
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Table B
Parameters of the optical potentials derived from the fits to the elastic scattering angular distributions (see Graphs 1, 2, and 3) and
the total reaction cross section σreac (see also Fig. 1).
target E λ w JR rrms,R Ws RS aS JI rrms,I σreac χ2/F
(MeV) (−) (−) (MeV fm3) (fm) (MeV) (fm) (fm) (MeV fm3) (fm) (mb) (−)
89Y 15.51 1.286 1.001 341.0 4.967 100.8 1.457 0.457 70.0 6.763 678.9±20.4 1.56
18.63 1.214 1.016 337.0 5.042 107.7 1.481 0.464 78.4 6.871 1022.4±30.7 3.31
92Mo 13.20 1.259 1.010 345.1 5.054 101.6 1.517 0.382 62.8 7.020 217.7±28.8 2.25
15.69 1.190 1.008 323.7 5.041 126.5 1.464 0.426 81.4 6.828 545.9±65.4 4.62
18.70 1.217 1.013 336.8 5.071 119.2 1.486 0.427 79.2 6.925 882.3±26.5 3.49
106Cd 15.55 1.314 1.002 350.7 5.220 87.3 1.474 0.465 59.4 7.225 373.6±30.4 2.07
17.00 1.373 1.004 368.9 5.232 166.3 1.464 0.403 96.5 7.116 546.0±33.1 0.87
18.88 1.379 1.000 365.3 5.208 138.7 1.402 0.505 93.3 6.942 802.3±51.3 0.77
110Cd 15.56 1.560 1.000 412.7 5.251 120.5 1.205 0.699 83.9 6.423 509.1±15.3 0.70
18.76 1.387 0.996 362.9 5.232 129.7 1.381 0.485 80.1 6.901 789.6±23.8 0.32
116Cd 15.59 1.442 1.000 379.6 5.303 82.8 1.298 0.684 63.8 6.905 537.8±68.0 0.27
18.80 1.347 1.002 356.6 5.313 157.3 1.366 0.472 90.9 6.931 833.1±28.5 0.61
112Sn 13.90 1.326 1.000 352.9 5.293 61.8 1.536 0.474 45.7 7.646 125.3±17.0 0.61
18.84 1.354 0.996 356.5 5.273 146.9 1.423 0.455 89.5 7.101 715.1±21.5 0.63
124Sn 18.90 1.251 1.020 344.9 5.444 153.0 1.428 0.430 85.6 7.330 795.8±38.5 1.12
144Sm 19.45 1.207 1.030 343.7 5.742 204.8 1.499 0.293 81.2 7.944 409.2±12.3 1.82
Table C
Results for χ2 and σreac from the simple global potential as suggested in Sec. A.
experiment global potential
target E σreac χ2/F σreac
(MeV) (mb) (−) (mb)
89Y 15.51 678.9±20.4 1.8 684.5
18.63 1022.4±30.7 12.0 985.5
92Mo 13.20 217.7±28.8 4.0 228.4
15.69 545.9±65.4 9.6 564.0
18.70 882.3±26.5 13.4 877.9
106Cd 15.55 373.6±30.4 7.7 380.5
17.00 546.0±33.1 5.9 572.7
18.88 802.3±51.3 1.3 785.3
110Cd 15.56 509.1±15.3 21.8 404.8
18.76 789.6±23.8 16.9 801.1
116Cd 15.59 537.8±68.0 13.3 439.0
18.80 833.1±28.5 65.7 842.0
112Sn 13.90 125.3±17.0 2.7 104.5
18.84 715.1±21.5 2.0 725.0
124Sn 18.90 795.8±38.5 498.2 769.4
144Sm 19.45 409.2±12.3 347.5 431.6
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Explanation of Tables
Table 1. Parameters C(ENN), α(ENN), and β (ENN) of the density dependence of the chosen nucleon-nucleon interaction
Elab Energy of the α projectile in the laboratory system in MeV
ENN Energy per nucleon in MeV: ENN = Elab/AP
C(ENN) Coefficient C in Eq. (8)
α(ENN) Coefficient α in Eq. (8)
β (ENN) Coefficient β in Eq. (8) in fm−3
Tables 2–17. Elastic (α ,α) scattering cross sections (normalized to the Rutherford cross section)
ϑc.m. Scattering angle in the center-of-mass system in degrees
σ/σR Ratio of experimental differential cross section
( dσ
dΩ
)
exp to the Rutherford cross section
( dσ
dΩ
)
R
∆(σ/σR) Uncertainty of the ratio σ/σR; the uncertainty of the scattering angle ϑc.m. is included in ∆(σ/σR)
using standard error propagation
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Explanation of Graphs
Graphs 1–3. Elastic (α ,α) scattering angular distributions for 89Y, 92Mo, 106,110,116Cd, 112,124Sn, and 144Sm, normalized to
the Rutherford cross section.
The graphs show the experimental data of elastic α scattering which are also given in tabular form in Tables 2 – 17. The angular
distributions are normalized to Rutherford scattering of point-like charges. The full lines result from a local fit with the parameters
given in Table B. The dashed lines correspond to the global potential in the Appendix (Sect. A).
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Table 1
Parameters of the energy dependence of the interaction. See page 19 for Explanation of Tables
Elab (MeV) ENN (MeV) C(ENN) α(ENN) β(ENN) (fm−3)
5.0 1.25 0.4347 4.3023 10.5479
6.0 1.50 0.4344 4.3008 10.5336
7.0 1.75 0.4341 4.2992 10.5193
8.0 2.00 0.4338 4.2977 10.5049
9.0 2.25 0.4335 4.2961 10.4904
10.0 2.50 0.4331 4.2944 10.4758
11.0 2.75 0.4328 4.2927 10.4612
12.0 3.00 0.4325 4.2910 10.4465
13.0 3.25 0.4321 4.2893 10.4317
14.0 3.50 0.4317 4.2875 10.4168
15.0 3.75 0.4314 4.2858 10.4019
16.0 4.00 0.4310 4.2839 10.3869
17.0 4.25 0.4306 4.2821 10.3718
18.0 4.50 0.4302 4.2803 10.3567
19.0 4.75 0.4298 4.2784 10.3415
20.0 5.00 0.4294 4.2766 10.3262
21.0 5.25 0.4290 4.2747 10.3108
22.0 5.50 0.4286 4.2728 10.2954
23.0 5.75 0.4282 4.2709 10.2799
24.0 6.00 0.4277 4.2690 10.2643
25.0 6.25 0.4273 4.2671 10.2486
26.0 6.50 0.4269 4.2652 10.2329
27.0 6.75 0.4264 4.2633 10.2171
28.0 7.00 0.4259 4.2614 10.2012
29.0 7.25 0.4255 4.2595 10.1853
30.0 7.50 0.4250 4.2577 10.1692
31.0 7.75 0.4245 4.2558 10.1532
32.0 8.00 0.4240 4.2539 10.1370
33.0 8.25 0.4235 4.2521 10.1208
34.0 8.50 0.4230 4.2503 10.1044
35.0 8.75 0.4225 4.2484 10.0881
36.0 9.00 0.4220 4.2467 10.0716
37.0 9.25 0.4214 4.2449 10.0551
38.0 9.50 0.4209 4.2432 10.0385
39.0 9.75 0.4204 4.2414 10.0218
40.0 10.00 0.4198 4.2398 10.0051
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Table 2
89Y(α ,α)89Y elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 15.51 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
20.984 9.4408e-01 1.380e-02 82.557 3.5285e-01 5.820e-03 148.456 5.5380e-02 3.270e-03
21.991 9.2449e-01 1.350e-02 82.560 3.5216e-01 6.090e-03 149.790 5.3350e-02 3.080e-03
23.039 9.4977e-01 1.375e-02 83.561 3.3975e-01 5.570e-03 151.237 5.1430e-02 3.010e-03
24.040 9.1766e-01 1.339e-02 84.567 3.3009e-01 5.770e-03 153.311 6.0450e-02 2.670e-03
25.122 9.4139e-01 1.391e-02 85.571 3.0974e-01 5.090e-03 155.252 5.2120e-02 2.530e-03
26.158 9.3506e-01 1.387e-02 86.573 3.0324e-01 4.960e-03 157.151 5.3420e-02 2.400e-03
27.212 9.5078e-01 1.381e-02 87.575 2.9330e-01 4.710e-03 159.028 5.3050e-02 2.500e-03
28.223 9.4879e-01 1.392e-02 88.580 2.8679e-01 4.650e-03 160.879 5.7580e-02 2.710e-03
29.241 9.6027e-01 1.402e-02 89.581 2.7573e-01 4.350e-03 162.904 5.8800e-02 2.590e-03
30.351 9.8584e-01 1.426e-02 90.582 2.6922e-01 4.290e-03 164.840 5.4660e-02 2.630e-03
31.360 1.0026e+00 1.452e-02 91.583 2.5482e-01 4.100e-03 166.731 5.6030e-02 2.500e-03
31.383 1.0079e+00 1.397e-02 92.580 2.4846e-01 4.000e-03 168.601 5.6520e-02 2.630e-03
32.390 1.0156e+00 1.413e-02 92.580 2.5101e-01 4.620e-03 170.444 5.8400e-02 2.740e-03
33.433 1.0290e+00 1.409e-02 93.579 2.5058e-01 4.500e-03
34.434 1.0425e+00 1.511e-02 94.576 2.3570e-01 4.710e-03
35.509 1.0387e+00 1.587e-02 95.572 2.3133e-01 4.140e-03
36.541 1.0657e+00 1.565e-02 96.569 2.2429e-01 4.000e-03
37.589 1.0736e+00 1.504e-02 97.566 2.1999e-01 3.780e-03
38.598 1.0776e+00 1.549e-02 98.556 2.1542e-01 3.750e-03
39.615 1.0756e+00 1.530e-02 99.551 2.0691e-01 3.440e-03
40.713 1.0791e+00 1.507e-02 100.540 1.9741e-01 3.360e-03
41.720 1.0766e+00 1.513e-02 101.522 1.9640e-01 3.340e-03
41.729 1.0771e+00 1.576e-02 102.516 1.9056e-01 3.250e-03
42.763 1.0659e+00 1.554e-02 102.516 1.9048e-01 3.050e-03
43.799 1.0482e+00 1.544e-02 103.993 1.8279e-01 3.280e-03
44.827 1.0550e+00 1.543e-02 105.473 1.7555e-01 3.180e-03
45.833 1.0322e+00 1.528e-02 106.952 1.5971e-01 3.580e-03
46.847 1.0158e+00 1.512e-02 106.953 1.6324e-01 3.590e-03
47.918 9.9623e-01 1.457e-02 108.432 1.5649e-01 3.000e-03
48.930 9.8564e-01 1.450e-02 109.909 1.4548e-01 3.010e-03
49.968 9.6576e-01 1.393e-02 111.359 1.3705e-01 2.920e-03
50.995 9.4704e-01 1.377e-02 112.376 1.2961e-01 2.220e-03
52.034 9.1898e-01 1.330e-02 112.827 1.2989e-01 2.890e-03
52.035 9.2315e-01 1.357e-02 113.837 1.2518e-01 2.580e-03
53.063 8.9483e-01 1.303e-02 114.369 1.2105e-01 2.670e-03
54.093 8.7161e-01 1.304e-02 115.305 1.1882e-01 2.480e-03
55.116 8.5435e-01 1.257e-02 115.894 1.2250e-01 2.620e-03
56.121 8.1557e-01 1.239e-02 116.772 1.1246e-01 3.100e-03
57.132 8.0395e-01 1.238e-02 116.774 1.1179e-01 3.030e-03
58.189 7.9317e-01 1.168e-02 117.365 1.1336e-01 2.500e-03
59.198 7.5655e-01 1.134e-02 118.243 1.1091e-01 2.450e-03
60.228 7.3623e-01 1.049e-02 119.710 1.0589e-01 2.560e-03
61.249 7.2003e-01 1.047e-02 121.137 1.0250e-01 2.550e-03
62.187 6.9736e-01 1.015e-02 122.594 9.6380e-02 2.530e-03
62.279 6.8706e-01 9.880e-03 124.155 9.6790e-02 2.460e-03
63.200 6.8671e-01 1.055e-02 125.689 9.5580e-02 2.360e-03
64.220 6.6338e-01 1.023e-02 127.149 9.9640e-02 2.450e-03
65.240 6.4926e-01 9.930e-03 128.676 9.1990e-02 4.450e-03
66.278 6.1746e-01 9.470e-03 130.142 8.9160e-02 4.340e-03
67.293 6.0433e-01 9.330e-03 131.603 9.0170e-02 5.080e-03
68.317 5.8072e-01 9.110e-03 131.605 8.5470e-02 4.930e-03
69.376 5.5367e-01 8.690e-03 133.060 8.1920e-02 4.150e-03
70.432 5.3451e-01 8.420e-03 134.516 8.5060e-02 4.450e-03
71.445 5.2587e-01 8.200e-03 136.026 7.9820e-02 4.240e-03
72.392 5.0447e-01 7.720e-03 137.488 7.4950e-02 4.110e-03
72.462 5.0616e-01 8.010e-03 138.399 7.7140e-02 3.890e-03
73.402 4.9137e-01 8.100e-03 139.857 6.9920e-02 3.650e-03
74.416 4.8047e-01 7.950e-03 140.159 7.3010e-02 3.840e-03
75.430 4.5732e-01 7.460e-03 141.309 6.7300e-02 4.150e-03
76.455 4.4412e-01 7.240e-03 141.311 6.8230e-02 4.240e-03
77.465 4.3029e-01 7.130e-03 141.612 7.0670e-02 3.780e-03
78.480 4.0934e-01 6.990e-03 142.756 6.0900e-02 3.320e-03
79.514 4.0158e-01 6.820e-03 144.203 6.1780e-02 3.550e-03
80.546 3.8992e-01 6.660e-03 145.713 5.8380e-02 3.420e-03
81.552 3.6613e-01 6.170e-03 147.167 5.9140e-02 3.540e-03
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Table 3
89Y(α ,α)89Y elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 18.63 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
20.659 9.5125e-01 9.920e-03 82.491 1.2239e-01 2.120e-03 131.350 2.3220e-02 9.332e-04
21.766 9.9453e-01 1.072e-02 82.507 1.2153e-01 2.020e-03 132.820 2.0460e-02 9.068e-04
22.835 1.0425e+00 1.156e-02 83.517 1.1809e-01 2.480e-03 134.266 1.9290e-02 8.859e-04
23.838 1.0640e+00 1.287e-02 83.518 1.1550e-01 2.130e-03 135.737 1.9310e-02 8.613e-04
24.837 1.0802e+00 1.293e-02 84.527 1.1077e-01 1.890e-03 137.169 1.8130e-02 8.847e-04
25.911 1.0865e+00 1.320e-02 85.543 1.0711e-01 1.830e-03 138.120 1.7260e-02 7.674e-04
26.983 1.0968e+00 1.377e-02 86.546 1.0170e-01 1.750e-03 138.591 1.9420e-02 8.431e-04
27.992 1.0956e+00 1.382e-02 87.549 9.6730e-02 1.680e-03 139.524 1.9210e-02 8.144e-04
29.018 1.0878e+00 1.368e-02 88.556 9.4130e-02 1.670e-03 140.036 2.0190e-02 8.564e-04
29.985 1.0828e+00 1.372e-02 89.567 8.9100e-02 1.580e-03 141.008 1.7780e-02 8.796e-04
31.063 1.0922e+00 1.398e-02 90.571 8.7000e-02 1.490e-03 141.484 1.9030e-02 8.742e-04
31.085 1.0922e+00 1.474e-02 91.576 8.5430e-02 1.500e-03 142.473 1.9450e-02 9.344e-04
32.184 1.0897e+00 1.469e-02 92.580 8.1580e-02 1.440e-03 143.911 2.0960e-02 9.561e-04
33.247 1.1049e+00 1.492e-02 92.580 8.2850e-02 1.570e-03 145.379 2.1500e-02 9.649e-04
34.251 1.0571e+00 1.431e-02 93.583 8.0130e-02 1.780e-03 146.802 2.2850e-02 1.040e-03
35.250 1.0313e+00 1.392e-02 93.583 8.1040e-02 2.170e-03 148.212 2.3210e-02 9.782e-04
36.319 9.8692e-01 1.334e-02 94.586 7.6730e-02 1.510e-03 149.651 2.2810e-02 9.831e-04
37.383 9.4953e-01 1.279e-02 95.584 7.3780e-02 1.460e-03 151.093 2.2140e-02 1.000e-03
38.392 9.1108e-01 1.235e-02 96.587 7.2850e-02 1.440e-03 151.118 2.4970e-02 5.310e-04
39.416 8.6945e-01 1.177e-02 97.591 7.1300e-02 1.410e-03 153.020 2.1910e-02 7.229e-04
40.389 8.1817e-01 1.106e-02 98.593 6.8770e-02 1.410e-03 154.945 2.0670e-02 5.528e-04
41.453 7.8544e-01 1.112e-02 99.583 6.6770e-02 1.350e-03 156.849 1.9790e-02 6.011e-04
41.459 7.8635e-01 1.064e-02 100.586 6.2890e-02 1.220e-03 158.804 1.8000e-02 5.193e-04
42.509 7.4609e-01 1.058e-02 101.586 6.1330e-02 1.240e-03 160.685 1.6410e-02 4.651e-04
43.559 7.3481e-01 1.043e-02 102.579 5.8500e-02 1.160e-03 160.696 1.7810e-02 4.337e-04
44.616 6.9786e-01 9.850e-03 102.582 5.7490e-02 1.170e-03 162.592 1.5060e-02 5.923e-04
45.614 6.7732e-01 9.650e-03 104.073 5.2780e-02 1.300e-03 164.513 1.4540e-02 4.544e-04
46.650 6.3328e-01 8.980e-03 104.074 5.4570e-02 2.010e-03 166.412 1.4590e-02 5.195e-04
47.708 6.1612e-01 8.820e-03 105.565 4.8880e-02 2.150e-03 168.366 1.5370e-02 4.836e-04
48.795 5.8703e-01 8.440e-03 105.566 4.7930e-02 1.230e-03 170.242 1.7950e-02 1.360e-03
49.797 5.5466e-01 8.000e-03 105.578 4.9240e-02 3.540e-03
50.800 5.3303e-01 7.710e-03 107.055 4.4430e-02 1.260e-03
51.805 5.1183e-01 7.130e-03 107.062 4.3590e-02 2.000e-03
51.842 5.1006e-01 7.450e-03 108.530 4.2710e-02 2.030e-03
52.853 4.7427e-01 6.640e-03 108.535 4.3670e-02 1.290e-03
53.895 4.5507e-01 6.400e-03 110.023 3.9680e-02 1.220e-03
54.943 4.2643e-01 5.900e-03 110.040 3.8450e-02 2.130e-03
55.942 4.0746e-01 5.840e-03 111.497 3.9080e-02 1.180e-03
56.973 3.8425e-01 5.500e-03 111.527 3.8800e-02 2.040e-03
58.020 3.6299e-01 2.219e-02 112.499 3.8980e-02 9.373e-04
59.091 3.4669e-01 5.110e-03 112.987 3.8900e-02 1.230e-03
60.093 3.3142e-01 4.930e-03 112.995 3.7940e-02 2.190e-03
61.097 3.2765e-01 4.910e-03 113.982 3.8280e-02 1.180e-03
62.131 3.1269e-01 4.810e-03 113.984 3.7070e-02 1.820e-03
62.144 3.0369e-01 4.750e-03 114.481 3.8080e-02 1.060e-03
63.144 2.9485e-01 4.620e-03 115.462 3.9320e-02 2.200e-03
64.161 2.8220e-01 4.390e-03 115.465 4.0490e-02 1.240e-03
65.196 2.6939e-01 4.190e-03 115.484 4.0280e-02 3.700e-03
66.194 2.5903e-01 4.060e-03 115.961 3.8380e-02 1.060e-03
67.280 2.4596e-01 3.800e-03 116.941 3.9930e-02 1.290e-03
68.283 2.2862e-01 3.540e-03 116.953 3.6940e-02 2.130e-03
69.312 2.1768e-01 3.360e-03 117.437 3.6990e-02 1.080e-03
70.301 2.0917e-01 3.230e-03 118.398 4.0420e-02 2.180e-03
71.325 1.9676e-01 3.070e-03 118.406 3.8920e-02 1.340e-03
72.325 1.8648e-01 2.910e-03 119.884 3.7420e-02 1.290e-03
72.363 1.8670e-01 3.340e-03 119.909 3.5140e-02 2.320e-03
73.365 1.8074e-01 3.250e-03 121.341 3.7720e-02 1.250e-03
74.377 1.7184e-01 3.050e-03 121.386 4.0910e-02 2.360e-03
75.402 1.6363e-01 2.880e-03 122.824 3.6000e-02 1.320e-03
76.402 1.5940e-01 2.790e-03 122.835 3.6360e-02 2.350e-03
77.457 1.5047e-01 2.600e-03 124.313 3.3850e-02 1.080e-03
78.460 1.4870e-01 2.560e-03 125.782 3.2110e-02 1.040e-03
79.478 1.3879e-01 2.380e-03 127.247 2.9510e-02 1.040e-03
80.473 1.3569e-01 2.320e-03 128.445 2.6360e-02 9.284e-04
81.489 1.2762e-01 2.220e-03 129.864 2.3980e-02 8.772e-04
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Table 4
92Mo(α ,α)92Mo elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 13.20 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
20.145 9.4990e-01 2.168e-02 82.080 9.5869e-01 1.090e-02 141.615 4.3693e-01 5.190e-03
21.185 9.5014e-01 2.080e-02 82.081 9.5809e-01 1.073e-02 142.622 4.2179e-01 5.200e-03
22.226 9.5551e-01 2.011e-02 83.098 9.4920e-01 1.078e-02 144.065 4.1206e-01 5.310e-03
23.270 9.6942e-01 1.967e-02 84.107 9.3002e-01 1.006e-02 145.505 4.1225e-01 5.150e-03
24.311 9.6736e-01 1.897e-02 85.119 9.2954e-01 1.019e-02 146.947 4.0786e-01 5.170e-03
25.334 9.6642e-01 1.836e-02 86.132 9.1681e-01 9.890e-03 148.375 4.0670e-01 5.340e-03
26.374 9.7713e-01 1.801e-02 87.144 8.9780e-01 9.680e-03 149.798 4.0642e-01 5.090e-03
27.416 9.8018e-01 1.755e-02 88.154 8.9004e-01 9.610e-03 151.201 4.0148e-01 4.620e-03
28.469 9.7738e-01 1.703e-02 89.163 8.8060e-01 9.260e-03 151.217 4.0148e-01 4.880e-03
29.474 9.8811e-01 1.673e-02 90.173 8.6806e-01 9.100e-03 153.155 3.9947e-01 4.330e-03
30.508 9.9188e-01 1.638e-02 91.182 8.5819e-01 9.430e-03 155.087 4.0425e-01 4.570e-03
30.571 9.8403e-01 1.632e-02 92.190 8.4240e-01 9.640e-03 156.991 3.9490e-01 4.450e-03
31.609 9.8383e-01 1.595e-02 92.190 8.4699e-01 8.850e-03 158.909 3.9726e-01 4.940e-03
32.648 9.9168e-01 1.575e-02 93.196 8.3399e-01 9.760e-03 160.775 3.8411e-01 4.350e-03
33.690 9.8080e-01 1.527e-02 94.203 8.1807e-01 8.900e-03 160.841 3.8411e-01 4.640e-03
34.729 9.8410e-01 1.504e-02 95.208 8.1352e-01 9.060e-03 162.728 3.7799e-01 4.120e-03
35.751 9.8105e-01 1.474e-02 96.213 8.0087e-01 8.710e-03 164.658 3.7565e-01 4.300e-03
36.789 9.8230e-01 1.451e-02 97.216 7.9179e-01 8.610e-03 166.558 3.6926e-01 4.200e-03
37.828 9.8655e-01 1.434e-02 98.220 7.8641e-01 8.590e-03 168.474 3.6600e-01 4.640e-03
38.877 9.8608e-01 1.413e-02 99.223 7.6832e-01 8.070e-03 170.405 3.7529e-01 4.440e-03
39.883 9.9687e-01 1.395e-02 100.224 7.5428e-01 7.900e-03
40.911 9.7951e-01 1.354e-02 101.223 7.4627e-01 8.400e-03
40.915 9.8179e-01 1.351e-02 102.220 7.3137e-01 7.650e-03
41.962 9.8453e-01 1.343e-02 102.223 7.3230e-01 7.790e-03
43.002 9.9440e-01 1.340e-02 103.722 7.1128e-01 8.910e-03
44.043 9.9292e-01 1.322e-02 105.213 6.9834e-01 7.540e-03
45.083 9.9731e-01 1.314e-02 106.709 6.8667e-01 7.490e-03
46.119 9.9673e-01 1.300e-02 108.201 6.7320e-01 7.230e-03
47.150 1.0055e+00 1.297e-02 109.692 6.6514e-01 7.300e-03
48.190 1.0029e+00 1.283e-02 111.182 6.4697e-01 7.010e-03
49.223 1.0110e+00 1.280e-02 112.178 6.4326e-01 6.960e-03
50.259 1.0162e+00 1.277e-02 112.669 6.3703e-01 6.970e-03
51.282 1.0182e+00 1.272e-02 113.667 6.1142e-01 8.240e-03
51.287 1.0116e+00 1.241e-02 114.160 6.0458e-01 6.760e-03
52.326 1.0270e+00 1.274e-02 114.160 6.2482e-01 6.990e-03
53.361 1.0296e+00 1.269e-02 114.160 6.2482e-01 6.990e-03
54.397 1.0408e+00 1.274e-02 115.141 6.2560e-01 6.900e-03
55.433 1.0443e+00 1.272e-02 115.652 5.9523e-01 6.500e-03
56.463 1.0550e+00 1.278e-02 115.652 6.1515e-01 6.720e-03
57.491 1.0481e+00 1.260e-02 115.652 6.1515e-01 6.720e-03
58.525 1.0538e+00 1.265e-02 116.627 5.9944e-01 6.720e-03
59.553 1.0669e+00 1.269e-02 117.146 5.7581e-01 6.200e-03
60.584 1.0544e+00 1.253e-02 117.146 5.9508e-01 6.410e-03
61.608 1.0704e+00 1.228e-02 117.146 5.9508e-01 6.410e-03
61.641 1.0484e+00 1.223e-02 118.108 5.7252e-01 6.310e-03
62.667 1.0576e+00 1.228e-02 119.587 5.7348e-01 6.500e-03
63.692 1.0521e+00 1.218e-02 121.066 5.5714e-01 6.220e-03
64.714 1.0551e+00 1.217e-02 122.542 5.5213e-01 6.230e-03
65.747 1.0539e+00 1.213e-02 124.025 5.3944e-01 6.260e-03
66.774 1.0524e+00 1.208e-02 125.509 5.2795e-01 5.950e-03
67.799 1.0415e+00 1.193e-02 126.994 5.1415e-01 5.690e-03
68.819 1.0532e+00 1.204e-02 127.162 5.1247e-01 5.990e-03
69.848 1.0391e+00 1.186e-02 128.612 5.1172e-01 7.830e-03
70.874 1.0324e+00 1.177e-02 130.080 5.0138e-01 6.010e-03
71.893 1.0241e+00 1.165e-02 131.528 4.8378e-01 5.920e-03
71.896 1.0406e+00 1.181e-02 132.979 4.7505e-01 5.660e-03
72.913 1.0236e+00 1.163e-02 134.428 4.6044e-01 5.710e-03
73.933 1.0253e+00 1.164e-02 135.875 4.6234e-01 5.580e-03
74.950 1.0250e+00 1.163e-02 136.831 4.5246e-01 5.460e-03
75.974 1.0060e+00 1.142e-02 137.323 4.5407e-01 5.560e-03
76.994 1.0191e+00 1.156e-02 138.273 4.4265e-01 7.350e-03
78.012 9.9317e-01 1.129e-02 138.758 4.4821e-01 5.680e-03
79.027 9.9629e-01 1.133e-02 139.738 4.2651e-01 5.340e-03
80.047 9.7285e-01 1.109e-02 140.189 4.4796e-01 5.440e-03
81.065 9.4717e-01 1.083e-02 141.178 4.2817e-01 5.450e-03
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Table 5
92Mo(α ,α)92Mo elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 15.69 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
19.687 9.6174e-01 2.211e-02 80.972 5.4520e-01 6.100e-03 131.220 1.3984e-01 1.850e-03
20.730 9.7560e-01 2.148e-02 81.993 5.2115e-01 5.770e-03 132.663 1.3439e-01 1.930e-03
21.768 9.8174e-01 2.077e-02 81.994 5.2880e-01 5.990e-03 134.107 1.3244e-01 1.960e-03
22.817 9.7665e-01 1.989e-02 83.017 5.0550e-01 6.400e-03 135.549 1.3059e-01 1.920e-03
23.850 9.7427e-01 1.916e-02 84.039 4.9347e-01 5.500e-03 136.487 1.2878e-01 1.890e-03
24.903 9.5950e-01 1.825e-02 84.039 5.0465e-01 5.700e-03 136.984 1.2806e-01 1.850e-03
25.962 9.5684e-01 1.763e-02 85.060 4.7936e-01 5.340e-03 137.934 1.2528e-01 1.820e-03
26.998 9.4495e-01 1.691e-02 85.061 4.8557e-01 5.460e-03 138.421 1.2335e-01 1.780e-03
28.046 9.5222e-01 1.658e-02 86.080 4.6751e-01 5.230e-03 139.367 1.2242e-01 1.790e-03
29.090 9.5730e-01 1.624e-02 86.081 4.5994e-01 5.130e-03 139.863 1.2395e-01 1.740e-03
30.144 9.6157e-01 1.588e-02 87.100 4.4837e-01 4.900e-03 140.811 1.1712e-01 1.670e-03
30.148 9.7669e-01 1.617e-02 87.100 4.4853e-01 5.030e-03 141.304 1.1862e-01 1.690e-03
31.190 9.7704e-01 1.581e-02 88.117 4.3161e-01 4.740e-03 142.250 1.1187e-01 1.760e-03
32.229 9.9033e-01 1.569e-02 88.119 4.3699e-01 4.860e-03 143.689 1.1432e-01 1.830e-03
33.277 1.0007e+00 1.553e-02 89.136 4.1691e-01 4.590e-03 145.127 1.1181e-01 1.780e-03
34.310 1.0090e+00 1.537e-02 89.137 4.2171e-01 4.700e-03 146.557 1.0697e-01 1.680e-03
35.361 1.0086e+00 1.509e-02 90.154 3.9596e-01 4.360e-03 147.989 1.0496e-01 1.630e-03
36.417 1.0397e+00 1.529e-02 90.155 4.1299e-01 4.570e-03 149.429 1.0117e-01 1.540e-03
37.453 1.0457e+00 1.513e-02 91.171 3.9934e-01 4.320e-03 150.866 1.0541e-01 1.520e-03
38.499 1.0539e+00 1.503e-02 91.171 3.9725e-01 4.390e-03 150.868 1.0541e-01 1.840e-03
39.541 1.0737e+00 1.510e-02 92.187 3.8908e-01 4.200e-03 152.776 1.1090e-01 1.390e-03
40.593 1.0670e+00 1.473e-02 92.187 3.7280e-01 4.130e-03 154.691 1.1219e-01 1.430e-03
40.601 1.0754e+00 1.475e-02 92.187 3.8609e-01 4.280e-03
41.645 1.0843e+00 1.468e-02 92.187 3.8609e-01 4.280e-03
42.677 1.0873e+00 1.454e-02 92.187 3.8637e-01 4.490e-03
43.722 1.0855e+00 1.430e-02 93.202 3.5813e-01 3.960e-03
44.771 1.0899e+00 1.425e-02 93.202 3.7090e-01 4.110e-03
45.812 1.0871e+00 1.407e-02 93.202 3.7090e-01 4.110e-03
46.852 1.0823e+00 1.388e-02 94.216 3.7248e-01 4.490e-03
47.897 1.0910e+00 1.387e-02 94.217 3.6884e-01 4.330e-03
48.945 1.1025e+00 1.389e-02 94.217 3.5035e-01 3.930e-03
49.975 1.0846e+00 1.357e-02 94.217 3.6283e-01 4.070e-03
51.015 1.0715e+00 1.302e-02 94.217 3.6283e-01 4.070e-03
51.022 1.0705e+00 1.330e-02 95.230 3.5525e-01 4.260e-03
52.062 1.0631e+00 1.312e-02 95.230 3.5156e-01 4.150e-03
53.092 1.0511e+00 1.290e-02 96.243 3.4184e-01 4.050e-03
54.134 1.0353e+00 1.254e-02 96.243 3.4548e-01 4.110e-03
55.177 1.0165e+00 1.236e-02 97.255 3.3045e-01 3.950e-03
56.215 1.0062e+00 1.219e-02 97.255 3.3091e-01 3.800e-03
57.251 9.7598e-01 1.180e-02 98.266 3.1918e-01 3.780e-03
58.291 9.6515e-01 1.164e-02 102.310 2.9855e-01 3.280e-03
59.333 9.4442e-01 1.137e-02 103.819 2.9159e-01 3.200e-03
60.361 9.3839e-01 1.128e-02 105.329 2.7874e-01 3.070e-03
61.397 8.9813e-01 1.028e-02 106.834 2.6700e-01 2.920e-03
61.402 9.1335e-01 1.059e-02 108.338 2.6046e-01 2.960e-03
62.433 8.9040e-01 1.030e-02 109.840 2.4884e-01 2.890e-03
63.469 8.5810e-01 9.630e-03 111.340 2.3694e-01 2.760e-03
64.506 8.2774e-01 9.310e-03 112.351 2.2985e-01 2.670e-03
65.535 8.0942e-01 9.110e-03 112.842 2.2950e-01 2.660e-03
66.568 7.9315e-01 8.880e-03 113.845 2.2241e-01 2.580e-03
67.603 7.5847e-01 8.500e-03 114.340 2.1700e-01 2.520e-03
68.631 7.3847e-01 8.250e-03 115.344 2.1466e-01 2.510e-03
69.669 7.2423e-01 8.080e-03 115.833 2.1095e-01 2.420e-03
70.701 7.1149e-01 7.880e-03 116.835 2.0492e-01 2.360e-03
71.730 6.7951e-01 7.900e-03 117.324 2.0417e-01 2.370e-03
71.730 6.9114e-01 7.690e-03 118.326 1.9992e-01 2.440e-03
72.757 6.7174e-01 7.830e-03 119.815 1.8961e-01 2.390e-03
72.760 6.6939e-01 7.910e-03 121.302 1.8976e-01 2.370e-03
73.786 6.6134e-01 7.320e-03 122.791 1.8388e-01 2.280e-03
74.816 6.3405e-01 7.100e-03 124.278 1.7666e-01 2.190e-03
75.841 6.2485e-01 7.070e-03 125.757 1.7324e-01 2.110e-03
76.868 6.0727e-01 6.870e-03 126.881 1.5762e-01 2.120e-03
77.895 5.9434e-01 6.680e-03 127.236 1.6880e-01 2.080e-03
78.918 5.7673e-01 6.480e-03 128.332 1.5351e-01 2.050e-03
79.947 5.6116e-01 6.330e-03 129.771 1.4487e-01 1.960e-03
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Table 6
92Mo(α ,α)92Mo elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 18.70 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
20.388 9.2461e-01 2.174e-02 78.029 2.1927e-01 2.880e-03 140.274 3.0920e-02 9.450e-04
21.420 9.4039e-01 2.124e-02 79.034 2.1144e-01 2.800e-03 141.352 2.9660e-02 1.040e-03
22.467 9.5479e-01 2.077e-02 80.055 2.0495e-01 2.740e-03 141.682 3.1520e-02 7.390e-04
23.498 9.7596e-01 2.050e-02 81.070 1.9479e-01 2.630e-03 142.768 3.1070e-02 1.020e-03
24.561 1.0033e+00 2.037e-02 82.083 1.8778e-01 2.530e-03 144.268 2.8560e-02 9.600e-04
25.573 1.0211e+00 2.015e-02 82.086 1.9002e-01 2.570e-03 145.701 2.8850e-02 9.500e-04
26.634 1.0474e+00 2.009e-02 84.107 1.7900e-01 2.500e-03 147.150 3.3200e-02 1.090e-03
27.625 1.0512e+00 1.964e-02 85.127 1.7262e-01 2.480e-03 148.554 3.0880e-02 1.010e-03
28.702 1.0711e+00 1.953e-02 86.130 1.6188e-01 2.360e-03 149.895 3.3580e-02 1.040e-03
29.738 1.0708e+00 1.912e-02 87.149 1.5919e-01 2.320e-03 151.292 3.2280e-02 7.800e-04
30.790 1.1004e+00 1.908e-02 88.157 1.5006e-01 2.140e-03 151.787 3.0810e-02 1.210e-03
30.795 1.0923e+00 1.907e-02 89.165 1.4832e-01 2.140e-03 153.365 2.8330e-02 1.680e-03
31.824 1.1150e+00 1.903e-02 90.172 1.4231e-01 2.060e-03 155.178 3.2690e-02 6.970e-04
32.869 1.1219e+00 1.878e-02 91.181 1.3897e-01 1.970e-03 157.027 2.9230e-02 6.700e-04
33.897 1.1206e+00 1.841e-02 92.189 1.3626e-01 2.000e-03 158.786 3.3340e-02 8.790e-04
34.955 1.1112e+00 1.789e-02 92.190 1.3112e-01 2.020e-03 160.829 2.8060e-02 6.100e-04
35.967 1.0937e+00 1.741e-02 94.203 1.2370e-01 1.990e-03 161.409 2.5840e-02 1.150e-03
37.022 1.0893e+00 1.714e-02 95.206 1.1853e-01 2.010e-03 162.953 2.2640e-02 1.510e-03
38.015 1.0578e+00 1.640e-02 96.214 1.1460e-01 1.960e-03 164.756 2.5660e-02 6.190e-04
39.085 1.0340e+00 1.589e-02 97.212 1.1079e-01 1.920e-03 166.597 2.7020e-02 6.500e-04
40.117 1.0050e+00 1.536e-02 98.215 1.0520e-01 1.740e-03 168.345 1.9540e-02 2.980e-03
41.164 9.6594e-01 1.438e-02 99.220 1.0209e-01 1.730e-03 170.393 2.3100e-02 5.500e-04
41.168 9.6490e-01 1.432e-02 100.227 1.0070e-01 1.700e-03
41.474 9.7081e-01 1.442e-02 101.232 9.6010e-02 1.590e-03
42.489 9.4387e-01 1.373e-02 102.189 8.6740e-02 1.460e-03
43.574 9.1902e-01 1.327e-02 102.232 9.1490e-02 1.610e-03
44.587 8.8231e-01 1.267e-02 103.686 8.1050e-02 1.430e-03
45.625 8.4927e-01 1.213e-02 105.173 7.7310e-02 1.380e-03
46.640 8.2753e-01 1.163e-02 106.650 7.3050e-02 1.380e-03
47.699 8.1376e-01 1.170e-02 108.148 6.5890e-02 1.250e-03
48.721 7.8152e-01 1.095e-02 109.613 6.6670e-02 1.250e-03
49.746 7.5966e-01 1.047e-02 111.101 6.0650e-02 1.170e-03
50.783 7.2190e-01 1.006e-02 112.111 6.1730e-02 1.260e-03
51.497 6.8835e-01 9.830e-03 112.581 5.9950e-02 1.230e-03
51.753 7.0357e-01 1.014e-02 113.600 5.9760e-02 1.270e-03
51.796 6.9532e-01 9.890e-03 114.078 5.8130e-02 1.160e-03
52.764 6.6113e-01 9.200e-03 114.078 6.0310e-02 1.210e-03
53.834 6.4249e-01 9.030e-03 114.078 6.0310e-02 1.210e-03
54.844 5.9671e-01 8.470e-03 115.073 5.8130e-02 1.230e-03
55.874 5.7080e-01 8.180e-03 115.606 5.3580e-02 1.090e-03
56.885 5.3964e-01 7.580e-03 115.606 5.5600e-02 1.130e-03
57.932 5.1708e-01 7.890e-03 115.606 5.5600e-02 1.130e-03
58.948 4.8828e-01 7.110e-03 116.530 5.5290e-02 1.240e-03
59.967 4.7179e-01 6.670e-03 117.108 5.4990e-02 9.190e-04
60.994 4.4358e-01 6.620e-03 117.108 5.7060e-02 9.530e-04
61.743 4.3216e-01 6.460e-03 117.108 5.7060e-02 9.530e-04
62.003 4.2745e-01 6.750e-03 118.024 5.5570e-02 1.220e-03
62.750 4.2322e-01 5.300e-03 119.467 5.4780e-02 1.170e-03
62.766 4.2419e-01 5.560e-03 120.947 5.4450e-02 1.160e-03
63.765 4.1259e-01 5.150e-03 122.414 5.1250e-02 1.200e-03
64.774 3.9844e-01 4.960e-03 123.909 5.1130e-02 1.170e-03
65.799 3.8261e-01 4.770e-03 125.445 4.6840e-02 1.090e-03
66.784 3.6549e-01 4.550e-03 126.944 4.5470e-02 8.590e-04
67.827 3.5560e-01 4.440e-03 127.272 4.5470e-02 1.160e-03
68.832 3.3219e-01 4.150e-03 128.719 4.4200e-02 1.200e-03
69.863 3.2505e-01 4.070e-03 130.187 4.4550e-02 1.190e-03
70.884 3.0773e-01 3.870e-03 131.675 3.9500e-02 1.140e-03
71.903 2.9984e-01 3.760e-03 133.103 3.6340e-02 1.060e-03
71.963 2.6952e-01 4.940e-03 134.603 3.4540e-02 1.010e-03
72.969 2.7418e-01 3.510e-03 136.044 3.3010e-02 9.660e-04
72.980 2.7819e-01 3.920e-03 136.966 3.0700e-02 1.010e-03
73.981 2.6626e-01 3.400e-03 137.500 3.0700e-02 9.820e-04
74.988 2.5425e-01 3.260e-03 138.403 3.1630e-02 1.040e-03
76.007 2.4316e-01 3.140e-03 138.915 2.9890e-02 9.520e-04
77.000 2.3308e-01 3.020e-03 139.866 2.9140e-02 9.800e-04
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Table 7
106Cd(α ,α)106Cd elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 15.55 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
20.653 9.7300e-01 4.072e-02 86.837 7.5361e-01 1.276e-02 166.497 2.0154e-01 3.836e-03
21.684 9.8571e-01 3.955e-02 87.783 7.3586e-01 1.248e-02 168.427 1.9976e-01 4.162e-03
22.715 9.9891e-01 3.852e-02 88.643 7.2327e-01 1.213e-02 170.357 1.9959e-01 3.983e-03
23.746 9.9569e-01 3.698e-02 90.886 6.9154e-01 1.176e-02
24.777 9.9469e-01 3.569e-02 91.317 6.9152e-01 1.158e-02
25.807 9.9107e-01 3.434e-02 92.166 6.6226e-01 1.214e-02
26.837 9.9741e-01 3.348e-02 93.107 6.4761e-01 1.102e-02
27.867 1.0020e+00 3.264e-02 94.075 6.3464e-01 1.090e-02
28.897 9.9694e-01 3.156e-02 95.056 6.2092e-01 1.059e-02
29.927 9.9801e-01 3.075e-02 96.042 6.1382e-01 1.042e-02
30.956 9.9361e-01 2.987e-02 97.031 6.0355e-01 1.030e-02
31.985 1.0026e+00 2.944e-02 98.022 5.7831e-01 9.926e-03
33.014 1.0009e+00 2.870e-02 99.014 5.6280e-01 9.505e-03
34.042 9.8698e-01 2.767e-02 100.006 5.4732e-01 9.479e-03
35.070 9.7797e-01 2.690e-02 100.999 5.4137e-01 9.165e-03
36.098 9.7830e-01 2.627e-02 101.991 5.2268e-01 9.906e-03
37.126 9.7796e-01 2.576e-02 103.479 4.9851e-01 9.429e-03
38.153 9.7616e-01 2.525e-02 104.967 4.7438e-01 9.174e-03
39.180 9.9268e-01 2.473e-02 106.454 4.6345e-01 9.271e-03
40.206 9.9851e-01 2.446e-02 107.940 4.4185e-01 8.690e-03
41.232 1.0069e+00 2.427e-02 109.425 4.3159e-01 8.349e-03
42.258 1.0097e+00 2.398e-02 110.909 4.2815e-01 7.979e-03
43.284 1.0099e+00 2.362e-02 111.897 4.1659e-01 8.550e-03
44.309 1.0216e+00 2.355e-02 112.391 4.1712e-01 8.017e-03
45.333 1.0230e+00 2.329e-02 113.379 4.0237e-01 8.167e-03
46.358 1.0221e+00 2.296e-02 113.873 4.0328e-01 7.736e-03
47.382 1.0425e+00 2.315e-02 114.860 3.8450e-01 8.038e-03
48.405 1.0547e+00 2.316e-02 115.353 3.8971e-01 7.498e-03
49.428 1.0548e+00 2.291e-02 116.339 3.5771e-01 7.928e-03
50.451 1.0575e+00 2.271e-02 116.832 3.7403e-01 7.198e-03
51.473 1.0573e+00 2.240e-02 117.817 3.6208e-01 7.719e-03
52.495 1.0565e+00 2.228e-02 119.294 3.5019e-01 7.317e-03
53.516 1.0550e+00 2.201e-02 120.770 3.4120e-01 6.949e-03
54.537 1.0708e+00 2.213e-02 122.245 3.3751e-01 7.131e-03
55.558 1.0588e+00 2.176e-02 123.718 3.2144e-01 6.801e-03
56.578 1.0624e+00 2.162e-02 125.191 3.0994e-01 6.580e-03
57.597 1.0633e+00 2.152e-02 126.662 3.0631e-01 7.253e-03
58.616 1.0746e+00 2.160e-02 128.131 2.8250e-01 7.531e-03
59.635 1.0622e+00 2.123e-02 129.600 2.8383e-01 7.697e-03
60.653 1.0595e+00 2.101e-02 131.068 2.8695e-01 8.053e-03
61.671 1.0522e+00 2.040e-02 132.534 2.8455e-01 7.228e-03
62.688 1.0574e+00 2.029e-02 134.000 2.9917e-01 7.284e-03
63.704 1.0488e+00 2.000e-02 135.464 2.8849e-01 6.871e-03
64.720 1.0451e+00 1.977e-02 136.440 2.6757e-01 7.005e-03
65.735 1.0520e+00 1.964e-02 136.927 2.7535e-01 6.834e-03
66.750 1.0288e+00 1.938e-02 137.902 2.7219e-01 7.046e-03
67.764 1.0373e+00 1.898e-02 138.390 2.7197e-01 6.691e-03
68.778 1.0183e+00 1.853e-02 139.364 2.6021e-01 6.955e-03
69.791 1.0093e+00 1.829e-02 139.851 2.6098e-01 6.439e-03
70.804 9.8704e-01 1.780e-02 140.824 2.4918e-01 7.040e-03
71.815 9.7097e-01 1.749e-02 141.311 2.5858e-01 6.318e-03
72.826 9.4651e-01 1.693e-02 142.284 2.5402e-01 6.826e-03
73.837 9.3520e-01 1.667e-02 143.743 2.3785e-01 6.290e-03
74.847 9.2139e-01 1.631e-02 145.201 2.3186e-01 5.953e-03
75.855 9.0042e-01 1.627e-02 146.657 2.3335e-01 6.181e-03
76.863 8.8681e-01 1.643e-02 148.113 2.2209e-01 5.873e-03
77.871 8.8047e-01 1.553e-02 149.569 2.2761e-01 5.926e-03
78.877 8.6082e-01 1.514e-02 151.023 2.2431e-01 5.052e-03
79.882 8.4271e-01 1.480e-02 152.961 2.2275e-01 4.396e-03
80.885 8.3482e-01 1.435e-02 154.898 2.2217e-01 4.287e-03
81.887 8.3276e-01 1.542e-02 156.834 2.1660e-01 4.198e-03
82.887 8.1594e-01 1.390e-02 158.768 2.1552e-01 4.537e-03
83.884 7.9640e-01 1.361e-02 160.701 2.0666e-01 4.014e-03
84.877 7.8437e-01 1.332e-02 162.634 2.0350e-01 3.962e-03
85.863 7.7136e-01 1.305e-02 164.566 2.0478e-01 3.882e-03
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Table 8
106Cd(α ,α)106Cd elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 17.00 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
20.804 9.9992e-01 1.381e-02 82.140 5.4214e-01 8.042e-03 151.026 1.0101e-01 3.197e-03
21.832 1.0135e+00 1.394e-02 82.143 5.4672e-01 8.178e-03 151.064 8.9107e-02 2.051e-03
22.875 1.0163e+00 1.399e-02 83.145 5.2660e-01 7.758e-03 151.146 1.0069e-01 3.840e-03
23.891 1.0058e+00 1.384e-02 84.146 5.1823e-01 7.480e-03 153.058 9.8905e-02 3.644e-03
24.928 9.9453e-01 1.363e-02 85.153 4.9951e-01 7.368e-03 154.982 9.7807e-02 3.701e-03
25.956 9.8697e-01 1.345e-02 86.153 4.8068e-01 7.123e-03 156.900 9.5861e-02 5.296e-03
27.034 9.4819e-01 1.288e-02 87.159 4.5839e-01 6.791e-03 158.833 9.1021e-02 3.396e-03
28.029 9.5908e-01 1.301e-02 88.159 4.5435e-01 6.702e-03 160.679 8.8638e-02 3.115e-03
29.116 9.4768e-01 1.287e-02 89.163 4.4445e-01 6.711e-03 160.720 8.8201e-02 2.094e-03
30.115 9.4769e-01 1.281e-02 90.164 4.2925e-01 6.463e-03 160.734 9.0958e-02 3.345e-03
31.141 9.8322e-01 1.334e-02 91.165 4.1152e-01 6.236e-03 160.809 9.0769e-02 2.842e-03
31.175 9.8108e-01 1.327e-02 92.166 4.0222e-01 6.040e-03 162.713 8.8268e-02 2.618e-03
32.166 9.9274e-01 1.344e-02 92.166 4.0548e-01 6.529e-03 164.632 8.8184e-02 2.713e-03
33.206 9.9098e-01 1.347e-02 93.165 3.8680e-01 6.183e-03 166.545 8.6337e-02 3.963e-03
34.220 9.8838e-01 1.344e-02 94.164 3.7874e-01 5.894e-03 168.474 8.5550e-02 2.543e-03
35.254 9.9510e-01 1.354e-02 95.161 3.6372e-01 5.848e-03 170.369 8.2967e-02 2.415e-03
36.279 9.9790e-01 1.356e-02 96.161 3.5385e-01 5.702e-03
37.349 1.0170e+00 1.369e-02 97.156 3.3965e-01 5.451e-03
38.344 1.0324e+00 1.388e-02 98.156 3.3595e-01 5.367e-03
39.421 1.0449e+00 1.406e-02 99.150 3.2494e-01 5.359e-03
40.420 1.0535e+00 1.416e-02 100.148 3.2123e-01 5.259e-03
41.473 1.0672e+00 1.433e-02 101.144 3.0559e-01 5.085e-03
41.479 1.0602e+00 1.434e-02 102.131 2.9743e-01 4.963e-03
42.489 1.0660e+00 1.438e-02 102.132 2.9211e-01 4.803e-03
43.461 1.0754e+00 1.454e-02 103.616 2.8592e-01 5.117e-03
44.513 1.0879e+00 1.472e-02 105.105 2.7360e-01 4.904e-03
45.558 1.0845e+00 1.466e-02 106.596 2.6153e-01 4.559e-03
46.561 1.0947e+00 1.485e-02 108.078 2.4981e-01 4.216e-03
47.581 1.0917e+00 1.483e-02 109.555 2.3545e-01 4.072e-03
48.610 1.0927e+00 1.482e-02 111.049 2.2960e-01 4.021e-03
49.623 1.0904e+00 1.481e-02 112.032 2.1438e-01 4.116e-03
50.676 1.0982e+00 1.489e-02 112.524 2.1803e-01 3.839e-03
51.658 1.0748e+00 1.468e-02 113.504 2.1353e-01 4.413e-03
51.732 1.0893e+00 1.476e-02 114.003 2.1237e-01 3.767e-03
52.740 1.0854e+00 1.472e-02 114.984 2.0728e-01 4.317e-03
53.716 1.0709e+00 1.445e-02 115.480 2.0089e-01 3.782e-03
54.759 1.0608e+00 1.443e-02 116.469 1.9134e-01 3.852e-03
55.796 1.0333e+00 1.406e-02 116.952 1.9334e-01 3.547e-03
56.798 1.0249e+00 1.402e-02 117.940 1.8828e-01 3.582e-03
57.814 1.0195e+00 1.390e-02 119.405 1.8464e-01 3.598e-03
58.837 1.0022e+00 1.372e-02 120.897 1.7498e-01 3.472e-03
59.847 9.7912e-01 1.346e-02 122.360 1.6718e-01 3.344e-03
60.889 9.6875e-01 1.330e-02 123.829 1.6308e-01 3.276e-03
61.875 9.3002e-01 1.289e-02 125.297 1.5697e-01 3.396e-03
61.881 9.3540e-01 1.281e-02 126.759 1.5413e-01 3.206e-03
62.894 9.3779e-01 1.290e-02 126.779 1.4612e-01 5.764e-03
63.933 9.1066e-01 1.263e-02 128.259 1.4767e-01 6.072e-03
64.958 8.8120e-01 1.236e-02 129.722 1.4235e-01 5.831e-03
65.964 8.5827e-01 1.199e-02 131.173 1.4305e-01 5.719e-03
66.969 8.4253e-01 1.180e-02 132.644 1.3698e-01 5.322e-03
67.998 8.2272e-01 1.157e-02 134.120 1.3517e-01 5.302e-03
69.010 8.0910e-01 1.136e-02 135.554 1.2911e-01 5.111e-03
70.035 7.7302e-01 1.083e-02 136.537 1.2785e-01 4.352e-03
71.045 7.5172e-01 1.070e-02 137.026 1.2617e-01 4.963e-03
72.039 7.2790e-01 1.027e-02 138.012 1.2234e-01 4.496e-03
72.055 7.4007e-01 1.048e-02 138.487 1.2237e-01 4.858e-03
73.048 7.1501e-01 1.016e-02 139.468 1.1888e-01 4.319e-03
74.073 6.9583e-01 1.005e-02 139.947 1.1659e-01 4.800e-03
75.090 6.8553e-01 1.010e-02 140.909 1.1590e-01 4.055e-03
76.093 6.6123e-01 9.656e-03 142.374 1.1000e-01 3.699e-03
77.095 6.3633e-01 9.362e-03 143.845 1.0675e-01 3.664e-03
78.113 6.1538e-01 9.135e-03 145.268 1.0826e-01 3.702e-03
79.120 6.1045e-01 9.017e-03 146.736 1.0997e-01 3.720e-03
80.133 5.8281e-01 8.576e-03 148.190 1.0144e-01 3.464e-03
81.138 5.6401e-01 8.547e-03 149.645 1.0604e-01 3.745e-03
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Table 9
106Cd(α ,α)106Cd elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 18.88 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
20.715 9.5450e-01 4.471e-02 89.150 2.1613e-01 4.677e-03 170.303 2.9448e-02 8.698e-04
21.749 9.6545e-01 4.626e-02 90.115 2.1062e-01 4.447e-03
22.783 9.5007e-01 4.356e-02 91.077 1.9701e-01 4.139e-03
23.817 9.5505e-01 4.373e-02 92.076 1.9301e-01 4.274e-03
24.851 9.5502e-01 4.507e-02 93.076 1.8926e-01 4.505e-03
25.884 9.6959e-01 4.357e-02 94.076 1.8049e-01 4.247e-03
26.917 9.7426e-01 4.293e-02 95.075 1.7476e-01 4.064e-03
27.950 9.8297e-01 4.260e-02 96.074 1.6626e-01 3.800e-03
28.983 9.9316e-01 3.916e-02 97.073 1.6190e-01 3.724e-03
30.015 1.0113e+00 3.666e-02 98.070 1.5093e-01 3.426e-03
31.048 1.0206e+00 3.660e-02 99.067 1.4578e-01 3.276e-03
32.079 1.0520e+00 3.882e-02 100.064 1.4525e-01 3.121e-03
33.111 1.0723e+00 3.828e-02 101.060 1.4100e-01 2.888e-03
34.142 1.0775e+00 4.019e-02 102.055 1.3916e-01 2.806e-03
36.204 1.1175e+00 4.219e-02 103.546 1.3197e-01 2.640e-03
37.234 1.1382e+00 4.263e-02 105.036 1.2341e-01 2.606e-03
38.264 1.1439e+00 4.266e-02 106.525 1.1368e-01 2.373e-03
39.294 1.1277e+00 3.951e-02 108.012 1.0939e-01 2.302e-03
40.323 1.1277e+00 3.587e-02 109.497 1.0231e-01 2.043e-03
42.380 1.1133e+00 4.210e-02 110.981 1.0003e-01 2.133e-03
43.408 1.0871e+00 3.815e-02 111.970 9.4752e-02 2.104e-03
44.436 1.0601e+00 3.872e-02 112.464 9.1332e-02 1.935e-03
45.463 1.0504e+00 3.774e-02 113.452 9.2572e-02 2.003e-03
46.490 1.0279e+00 3.765e-02 113.945 8.8142e-02 1.801e-03
47.517 1.0130e+00 3.643e-02 114.932 8.5995e-02 2.040e-03
48.543 9.8628e-01 3.487e-02 115.425 8.6756e-02 1.715e-03
49.568 9.7562e-01 3.377e-02 116.410 8.2547e-02 1.923e-03
50.593 9.4203e-01 3.153e-02 116.903 8.4217e-02 1.724e-03
51.618 9.2336e-01 3.223e-02 117.888 8.1606e-02 1.906e-03
52.642 9.1077e-01 3.294e-02 119.364 7.5913e-02 1.667e-03
53.666 8.6389e-01 2.883e-02 120.838 7.3901e-02 1.765e-03
54.689 8.2650e-01 2.886e-02 122.311 6.6982e-02 1.590e-03
55.712 8.1422e-01 2.813e-02 123.783 6.4989e-02 1.472e-03
56.735 7.8029e-01 2.761e-02 125.253 6.4695e-02 1.407e-03
57.757 7.5295e-01 2.621e-02 126.722 6.1842e-02 1.576e-03
58.778 7.1535e-01 2.444e-02 128.190 5.8312e-02 1.614e-03
59.799 6.9774e-01 2.344e-02 129.657 5.7003e-02 1.742e-03
60.819 6.6324e-01 2.152e-02 131.122 5.1797e-02 1.577e-03
61.839 6.4672e-01 2.254e-02 132.586 4.8585e-02 1.503e-03
62.858 6.1909e-01 2.539e-02 134.048 4.9100e-02 1.394e-03
63.877 6.0614e-01 2.254e-02 135.510 4.6616e-02 1.450e-03
64.895 5.7656e-01 2.193e-02 136.483 4.3823e-02 1.400e-03
65.913 5.6115e-01 2.042e-02 136.970 4.5618e-02 1.378e-03
66.930 5.3133e-01 1.834e-02 137.943 4.0699e-02 1.280e-03
67.946 5.1552e-01 1.788e-02 138.429 4.2242e-02 1.230e-03
68.962 4.8954e-01 1.699e-02 139.401 4.4238e-02 1.530e-03
69.978 4.7426e-01 1.528e-02 139.887 4.2496e-02 1.186e-03
70.993 4.6029e-01 1.444e-02 140.858 4.0461e-02 1.392e-03
72.007 4.3572e-01 1.491e-02 141.344 4.1924e-02 1.211e-03
73.021 4.2178e-01 1.749e-02 142.314 3.9570e-02 1.364e-03
74.034 4.1106e-01 1.536e-02 143.769 3.9618e-02 1.241e-03
75.046 3.8006e-01 1.460e-02 145.224 3.8294e-02 1.322e-03
76.058 3.6673e-01 1.344e-02 146.677 3.6789e-02 1.235e-03
77.069 3.4621e-01 1.204e-02 148.129 3.5337e-02 1.123e-03
78.080 3.3078e-01 1.162e-02 149.580 3.8870e-02 1.147e-03
79.090 3.2838e-01 1.152e-02 151.030 3.5310e-02 1.107e-03
80.099 3.1722e-01 1.006e-02 152.963 3.3644e-02 1.235e-03
81.108 3.0293e-01 9.375e-03 154.894 3.3090e-02 8.424e-04
82.116 2.8838e-01 7.700e-03 156.824 3.2773e-02 7.424e-04
83.124 2.7533e-01 6.361e-03 158.752 3.2374e-02 1.000e-03
84.131 2.6606e-01 6.060e-03 160.679 3.1808e-02 1.159e-03
85.137 2.5374e-01 5.706e-03 162.606 3.0526e-02 1.196e-03
86.142 2.4543e-01 5.415e-03 164.531 2.8708e-02 7.690e-04
87.146 2.3453e-01 5.213e-03 166.456 3.0291e-02 7.033e-04
88.150 2.2703e-01 4.964e-03 168.379 2.9936e-02 9.665e-04
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Table 10
110Cd(α ,α)110Cd elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 15.56 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
20.799 9.9861e-01 4.249e-02 114.547 2.7345e-01 1.329e-02
21.832 1.0017e+00 4.262e-02 117.013 2.6117e-01 1.363e-02
22.865 1.0025e+00 4.266e-02 119.482 2.3777e-01 1.301e-02
23.898 1.0074e+00 4.287e-02 121.932 2.2044e-01 1.121e-02
24.930 1.0033e+00 4.271e-02 124.397 2.0393e-01 1.016e-02
25.962 1.0084e+00 4.295e-02 126.848 1.9562e-01 1.017e-02
26.994 1.0124e+00 4.312e-02 129.284 1.8326e-01 1.140e-02
28.026 1.0142e+00 4.322e-02 131.739 1.8652e-01 9.384e-03
29.058 1.0112e+00 4.310e-02 134.169 1.7826e-01 9.364e-03
30.089 1.0008e+00 4.269e-02 136.606 1.6907e-01 9.548e-03
31.114 1.0012e+00 4.275e-02 139.040 1.6603e-01 7.377e-03
32.139 9.9733e-01 4.257e-02 141.471 1.5353e-01 7.487e-03
33.170 9.8618e-01 4.212e-02 143.899 1.4923e-01 6.684e-03
34.200 9.8711e-01 4.218e-02 146.325 1.4526e-01 6.486e-03
35.230 9.6531e-01 4.127e-02 148.748 1.3962e-01 6.220e-03
36.259 9.7518e-01 4.176e-02 151.168 1.3451e-01 5.976e-03
37.288 9.7399e-01 4.170e-02 153.587 1.3179e-01 5.970e-03
38.317 9.6815e-01 4.151e-02 156.003 1.2347e-01 5.581e-03
39.345 9.6772e-01 4.151e-02 158.417 1.2817e-01 6.152e-03
40.374 9.7998e-01 4.211e-02 160.830 1.2345e-01 5.500e-03
41.407 9.7352e-01 4.167e-02 163.241 1.1729e-01 5.693e-03
42.440 9.7300e-01 4.152e-02 165.651 1.1828e-01 5.283e-03
43.467 9.8634e-01 4.205e-02 168.059 1.1316e-01 5.387e-03
44.494 9.8923e-01 4.223e-02 170.467 1.1605e-01 5.139e-03
45.520 9.9141e-01 4.234e-02 172.874 1.1174e-01 5.468e-03
47.571 1.0031e+00 4.350e-02 175.280 1.1563e-01 5.173e-03
49.621 1.0050e+00 4.396e-02
51.663 1.0060e+00 4.365e-02
52.681 1.0158e+00 4.354e-02
53.704 1.0131e+00 4.334e-02
54.726 1.0170e+00 4.363e-02
55.748 1.0210e+00 4.382e-02
57.791 1.0256e+00 4.538e-02
59.831 1.0247e+00 4.605e-02
61.870 1.0055e+00 4.561e-02
64.935 9.8207e-01 4.216e-02
65.952 9.6937e-01 4.166e-02
66.968 9.5248e-01 4.101e-02
67.984 9.4511e-01 4.082e-02
68.999 9.3807e-01 4.058e-02
70.014 9.1225e-01 3.945e-02
71.028 9.0567e-01 3.924e-02
72.042 8.8478e-01 3.821e-02
75.068 8.2766e-01 3.587e-02
76.079 8.1597e-01 3.543e-02
77.090 7.8826e-01 3.435e-02
78.100 7.7588e-01 3.401e-02
79.110 7.6593e-01 3.366e-02
80.119 7.4610e-01 3.277e-02
81.127 7.3655e-01 3.246e-02
82.140 7.1893e-01 3.202e-02
84.159 7.0199e-01 3.175e-02
86.170 6.6382e-01 3.060e-02
88.177 6.4158e-01 2.946e-02
89.785 5.8152e-01 2.681e-02
92.188 5.6686e-01 2.678e-02
94.182 5.3410e-01 2.540e-02
96.180 5.0814e-01 2.488e-02
98.176 4.5922e-01 2.251e-02
100.170 4.2586e-01 2.089e-02
102.161 3.8203e-01 1.961e-02
104.657 3.6560e-01 1.687e-02
107.138 3.3183e-01 1.617e-02
109.615 3.1248e-01 1.520e-02
112.089 3.0204e-01 1.435e-02
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Table 11
110Cd(α ,α)110Cd elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 18.76 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
20.799 9.9928e-01 4.258e-02 92.188 1.7828e-01 8.803e-03
21.832 9.9744e-01 4.252e-02 93.182 1.7726e-01 8.590e-03
22.865 9.8590e-01 4.204e-02 94.182 1.6466e-01 8.288e-03
23.898 9.8193e-01 4.190e-02 96.180 1.4559e-01 8.127e-03
24.930 9.6942e-01 4.141e-02 98.176 1.4387e-01 7.888e-03
25.962 9.7365e-01 4.158e-02 100.170 1.2732e-01 7.227e-03
26.994 9.7199e-01 4.154e-02 102.161 1.1692e-01 6.611e-03
28.026 9.8868e-01 4.230e-02 104.657 1.0127e-01 5.634e-03
29.058 1.0065e+00 4.311e-02 109.615 8.3396e-02 4.648e-03
30.089 1.0191e+00 4.369e-02 111.984 7.8943e-02 3.682e-03
31.114 1.0423e+00 4.475e-02 114.547 6.3688e-02 4.294e-03
32.139 1.0734e+00 4.617e-02 116.919 6.4801e-02 3.118e-03
33.170 1.0890e+00 4.687e-02 119.381 6.2507e-02 3.081e-03
34.200 1.1040e+00 4.755e-02 121.839 5.4938e-02 2.672e-03
35.230 1.0937e+00 4.727e-02 124.293 5.1256e-02 2.644e-03
36.259 1.1121e+00 4.795e-02 126.744 4.5142e-02 2.257e-03
37.288 1.1218e+00 4.847e-02 129.192 4.3512e-02 2.342e-03
38.317 1.1238e+00 4.871e-02 131.635 3.9738e-02 2.012e-03
39.345 1.1334e+00 4.922e-02 134.076 3.2466e-02 1.813e-03
40.374 1.1263e+00 4.900e-02 136.513 3.0881e-02 1.613e-03
41.407 1.1292e+00 4.876e-02 138.947 3.2722e-02 1.782e-03
42.440 1.1046e+00 4.740e-02 141.379 3.3125e-02 1.919e-03
43.467 1.0819e+00 4.644e-02 143.807 3.1677e-02 1.776e-03
44.494 1.0786e+00 4.637e-02 146.233 2.9589e-02 1.798e-03
45.520 1.0514e+00 4.531e-02 148.656 2.5836e-02 1.524e-03
46.546 1.0465e+00 4.493e-02 151.077 2.4937e-02 1.620e-03
47.571 1.0199e+00 4.389e-02 153.495 2.3427e-02 1.381e-03
48.596 1.0081e+00 4.345e-02 155.911 2.2335e-02 1.439e-03
49.621 9.8347e-01 4.229e-02 158.326 2.0906e-02 1.232e-03
50.645 9.5702e-01 4.117e-02 160.738 2.0512e-02 1.122e-03
51.663 9.3258e-01 4.028e-02 163.150 2.1292e-02 1.264e-03
52.681 8.9845e-01 3.917e-02 165.559 1.9108e-02 1.070e-03
53.704 8.6463e-01 3.773e-02 167.968 2.0562e-02 1.236e-03
54.726 8.5471e-01 3.744e-02 170.376 1.9273e-02 1.080e-03
55.748 8.2144e-01 3.620e-02 172.782 1.8336e-02 1.097e-03
56.770 7.8558e-01 3.428e-02 175.189 1.7743e-02 9.949e-04
57.791 7.5831e-01 3.332e-02
58.811 7.1869e-01 3.173e-02
59.831 7.0347e-01 3.085e-02
60.851 6.6673e-01 2.928e-02
61.870 6.4330e-01 2.828e-02
62.899 6.2671e-01 2.704e-02
63.917 5.9342e-01 2.585e-02
64.935 5.8088e-01 2.510e-02
65.952 5.4687e-01 2.398e-02
66.968 5.3780e-01 2.335e-02
67.984 5.0335e-01 2.204e-02
68.999 4.8880e-01 2.120e-02
70.014 4.6315e-01 2.034e-02
71.028 4.4958e-01 1.972e-02
73.044 4.0149e-01 1.773e-02
74.056 3.9528e-01 1.781e-02
75.068 3.8477e-01 1.703e-02
76.079 3.5533e-01 1.626e-02
77.090 3.4583e-01 1.546e-02
78.100 3.2830e-01 1.496e-02
79.110 3.2209e-01 1.434e-02
80.119 3.0184e-01 1.382e-02
81.127 2.9263e-01 1.336e-02
82.146 2.7587e-01 1.256e-02
83.153 2.6427e-01 1.201e-02
84.159 2.5007e-01 1.159e-02
86.170 2.2660e-01 1.112e-02
88.177 2.0952e-01 1.027e-02
89.785 1.9461e-01 9.685e-03
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Table 12
116Cd(α ,α)116Cd elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 15.59 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
20.764 1.0064e+00 4.286e-02 87.068 6.1461e-01 2.717e-02
21.796 9.9886e-01 4.255e-02 88.071 6.0103e-01 2.660e-02
22.827 9.9380e-01 4.234e-02 89.071 5.7731e-01 2.559e-02
23.858 9.9514e-01 4.241e-02 89.874 5.5913e-01 2.472e-02
24.889 1.0040e+00 4.280e-02 91.086 5.5104e-01 2.435e-02
25.919 1.0062e+00 4.290e-02 92.080 5.3365e-01 2.392e-02
26.950 1.0054e+00 4.288e-02 93.074 5.1455e-01 2.317e-02
27.980 1.0109e+00 4.311e-02 94.074 5.0988e-01 2.309e-02
29.010 1.0022e+00 4.275e-02 95.073 4.8197e-01 2.142e-02
30.040 1.0014e+00 4.271e-02 96.072 4.6990e-01 2.122e-02
31.063 9.9445e-01 4.246e-02 97.043 4.6002e-01 2.028e-02
32.087 9.8400e-01 4.206e-02 98.068 4.5304e-01 2.066e-02
33.116 9.7456e-01 4.167e-02 99.065 4.3126e-01 1.975e-02
34.144 9.6188e-01 4.117e-02 99.469 4.3623e-01 1.903e-02
35.172 9.6814e-01 4.145e-02 100.062 4.3191e-01 1.964e-02
36.200 9.5883e-01 4.108e-02 101.058 4.0182e-01 1.831e-02
37.228 9.5707e-01 4.103e-02 101.959 3.9752e-01 1.747e-02
38.255 9.6302e-01 4.126e-02 102.053 3.9026e-01 1.783e-02
39.282 9.5600e-01 4.100e-02 104.445 3.5795e-01 1.576e-02
40.309 9.6099e-01 4.118e-02 106.927 3.3899e-01 1.498e-02
41.341 9.5873e-01 4.111e-02 107.021 3.4739e-01 1.514e-02
42.373 9.7264e-01 4.170e-02 109.405 3.1539e-01 1.390e-02
43.398 9.8073e-01 4.205e-02 111.880 2.9591e-01 1.323e-02
44.424 9.9108e-01 4.255e-02 114.351 2.8554e-01 1.281e-02
45.449 9.9914e-01 4.294e-02 116.818 2.6990e-01 1.218e-02
46.473 9.8981e-01 4.245e-02 119.282 2.6289e-01 1.160e-02
47.497 1.0071e+00 4.327e-02 121.742 2.4740e-01 1.094e-02
48.521 1.0138e+00 4.357e-02 124.199 2.2456e-01 1.000e-02
49.544 1.0199e+00 4.380e-02 126.652 2.1350e-01 9.528e-03
50.567 1.0190e+00 4.364e-02 129.102 2.0270e-01 9.013e-03
51.584 1.0128e+00 4.355e-02 131.549 1.9053e-01 8.488e-03
52.601 1.0082e+00 4.359e-02 133.992 1.7752e-01 8.070e-03
53.622 1.0009e+00 4.327e-02 136.433 1.7105e-01 7.782e-03
54.644 1.0058e+00 4.360e-02 138.871 1.6829e-01 7.394e-03
55.664 1.0129e+00 4.399e-02 141.305 1.5804e-01 6.907e-03
56.685 1.0175e+00 4.398e-02 143.737 1.5099e-01 6.668e-03
57.705 1.0215e+00 4.431e-02 146.167 1.4613e-01 6.408e-03
58.724 1.0052e+00 4.363e-02 148.594 1.4126e-01 6.214e-03
59.743 9.9795e-01 4.328e-02 151.019 1.3369e-01 5.847e-03
60.761 9.8509e-01 4.245e-02 153.442 1.3189e-01 5.874e-03
61.785 9.9162e-01 4.265e-02 155.863 1.2563e-01 5.549e-03
62.808 9.9128e-01 4.248e-02 158.282 1.2333e-01 5.424e-03
63.825 9.7175e-01 4.166e-02 160.699 1.2413e-01 5.694e-03
64.842 9.6891e-01 4.157e-02 163.115 1.2037e-01 5.560e-03
65.858 9.5451e-01 4.099e-02 165.529 1.1661e-01 5.378e-03
66.873 9.3744e-01 4.021e-02 167.943 1.1157e-01 5.170e-03
67.888 9.2501e-01 3.979e-02 170.355 1.1436e-01 5.203e-03
68.903 8.9677e-01 3.860e-02 172.767 1.1420e-01 5.235e-03
69.917 8.9275e-01 3.845e-02 175.178 1.1175e-01 5.176e-03
70.930 8.7853e-01 3.792e-02 177.589 1.1102e-01 5.427e-03
71.937 8.5259e-01 3.683e-02
72.944 8.2857e-01 3.575e-02
73.956 8.0960e-01 3.495e-02
74.967 7.9159e-01 3.424e-02
75.978 7.8506e-01 3.401e-02
76.988 7.7041e-01 3.330e-02
77.998 7.5166e-01 3.268e-02
79.007 7.3594e-01 3.201e-02
80.015 7.2104e-01 3.141e-02
81.023 7.0757e-01 3.094e-02
82.036 6.8773e-01 3.021e-02
83.048 6.5771e-01 2.889e-02
84.054 6.5506e-01 2.886e-02
85.059 6.3491e-01 2.767e-02
86.064 6.2795e-01 2.760e-02
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Table 13
116Cd(α ,α)116Cd elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 18.80 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
20.764 1.0072e+00 4.292e-02 87.068 1.9946e-01 9.432e-03
21.796 9.9159e-01 4.226e-02 88.071 1.8615e-01 9.050e-03
22.827 9.8241e-01 4.188e-02 89.071 1.7876e-01 8.759e-03
23.858 9.6449e-01 4.116e-02 89.874 1.7302e-01 8.249e-03
24.889 9.7731e-01 4.172e-02 91.086 1.6651e-01 7.875e-03
25.919 1.0084e+00 4.305e-02 92.080 1.5707e-01 7.816e-03
26.950 1.0085e+00 4.308e-02 93.074 1.4978e-01 7.355e-03
27.980 1.0294e+00 4.398e-02 94.074 1.4642e-01 7.164e-03
29.010 1.0440e+00 4.465e-02 95.073 1.4330e-01 7.159e-03
30.040 1.0593e+00 4.533e-02 96.072 1.3756e-01 6.958e-03
31.063 1.0630e+00 4.545e-02 97.070 1.2337e-01 6.483e-03
32.087 1.0892e+00 4.660e-02 98.068 1.2732e-01 6.884e-03
33.116 1.1017e+00 4.719e-02 99.065 1.1108e-01 6.181e-03
34.144 1.1118e+00 4.774e-02 100.062 1.1215e-01 5.924e-03
35.172 1.1201e+00 4.816e-02 101.058 9.9650e-02 5.245e-03
36.200 1.1371e+00 4.887e-02 102.053 1.0039e-01 5.584e-03
37.228 1.1445e+00 4.926e-02 104.550 9.6386e-02 5.532e-03
38.255 1.1631e+00 5.003e-02 106.979 7.9937e-02 4.150e-03
39.282 1.1526e+00 4.972e-02 109.510 7.2907e-02 4.610e-03
40.309 1.1400e+00 4.924e-02 111.880 6.6710e-02 3.048e-03
41.341 1.1249e+00 4.829e-02 114.445 5.9335e-02 4.129e-03
42.373 1.1067e+00 4.744e-02 116.849 5.4348e-02 2.991e-03
43.398 1.0930e+00 4.681e-02 119.329 4.4610e-02 2.870e-03
44.424 1.0689e+00 4.581e-02 121.742 4.1471e-02 2.006e-03
45.449 1.0417e+00 4.468e-02 124.199 3.9101e-02 1.981e-03
46.473 1.0335e+00 4.441e-02 126.652 3.6111e-02 1.910e-03
47.497 9.9166e-01 4.258e-02 129.102 3.0569e-02 1.638e-03
48.521 9.6830e-01 4.161e-02 131.549 2.9801e-02 1.758e-03
49.544 9.4818e-01 4.075e-02 133.992 2.4477e-02 1.347e-03
50.567 9.2046e-01 3.951e-02 136.433 2.5492e-02 1.506e-03
51.584 8.8396e-01 3.810e-02 138.871 2.7440e-02 1.468e-03
52.601 8.6362e-01 3.751e-02 141.305 2.5421e-02 1.279e-03
53.622 8.2399e-01 3.569e-02 143.737 2.3957e-02 1.337e-03
54.644 7.8777e-01 3.420e-02 146.167 2.0995e-02 1.101e-03
55.664 7.6150e-01 3.312e-02 148.594 2.2121e-02 1.269e-03
56.685 7.5789e-01 3.311e-02 151.019 1.9898e-02 1.061e-03
57.705 7.1070e-01 3.099e-02 153.442 1.7378e-02 1.033e-03
58.724 6.7491e-01 2.951e-02 155.863 1.6579e-02 8.984e-04
59.743 6.5321e-01 2.856e-02 158.282 1.6544e-02 9.127e-04
60.761 6.2581e-01 2.726e-02 160.699 1.6815e-02 9.260e-04
61.785 6.0999e-01 2.646e-02 163.115 1.6006e-02 8.977e-04
62.808 5.8578e-01 2.546e-02 165.529 1.6082e-02 9.020e-04
63.825 5.6371e-01 2.444e-02 167.943 1.6846e-02 9.366e-04
64.842 5.2928e-01 2.293e-02 170.355 1.5591e-02 8.834e-04
65.858 5.1631e-01 2.241e-02 172.767 1.4305e-02 8.018e-04
66.873 4.9630e-01 2.164e-02 175.178 1.3574e-02 7.705e-04
67.888 4.8479e-01 2.118e-02
68.903 4.6084e-01 1.998e-02
69.917 4.2735e-01 1.867e-02
70.930 4.0698e-01 1.784e-02
71.937 3.9083e-01 1.728e-02
72.944 3.7143e-01 1.668e-02
73.956 3.6092e-01 1.610e-02
74.967 3.3723e-01 1.501e-02
75.978 3.3505e-01 1.495e-02
76.988 3.0596e-01 1.383e-02
77.998 3.0154e-01 1.369e-02
79.007 2.8846e-01 1.284e-02
80.015 2.7540e-01 1.246e-02
81.023 2.6228e-01 1.195e-02
82.036 2.4199e-01 1.115e-02
83.048 2.3366e-01 1.066e-02
84.054 2.2115e-01 1.010e-02
85.059 2.1406e-01 9.901e-03
86.064 2.0907e-01 9.726e-03
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Table 14
112Sn(α ,α)112Sn elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 13.90 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
20.892 1.0000e+00 1.563e-02 82.050 9.9177e-01 1.565e-02 132.399 7.0151e-01 1.083e-02
21.892 9.8908e-01 1.545e-02 82.052 1.0025e+00 1.398e-02 133.396 7.1576e-01 1.108e-02
22.921 9.9991e-01 1.559e-02 83.054 1.0096e+00 1.597e-02 134.334 7.0760e-01 1.106e-02
23.984 1.0025e+00 1.561e-02 84.055 9.7749e-01 1.547e-02 134.572 7.1015e-01 1.424e-02
24.994 9.8886e-01 1.543e-02 85.067 1.0045e+00 1.578e-02 135.293 6.9623e-01 1.089e-02
26.058 1.0034e+00 1.683e-02 86.074 9.9044e-01 1.575e-02 135.594 7.0221e-01 1.478e-02
27.045 9.9602e-01 1.556e-02 87.069 9.9833e-01 1.587e-02 136.283 7.0071e-01 1.066e-02
28.086 9.9342e-01 1.552e-02 88.062 9.7902e-01 1.555e-02 136.616 6.9411e-01 1.344e-02
29.121 9.8425e-01 1.532e-02 89.065 9.8480e-01 1.573e-02 137.236 6.9038e-01 1.056e-02
30.171 9.9666e-01 1.551e-02 90.056 9.9251e-01 1.576e-02 137.612 6.9061e-01 1.342e-02
31.200 1.0028e+00 1.357e-02 91.055 9.7367e-01 1.548e-02 138.272 6.7536e-01 1.058e-02
31.219 1.0067e+00 1.627e-02 92.050 9.4878e-01 1.505e-02 138.523 6.8515e-01 1.347e-02
32.200 9.9987e-01 1.358e-02 92.050 9.6956e-01 1.371e-02 139.191 6.8609e-01 1.070e-02
33.226 1.0081e+00 1.370e-02 93.046 9.7411e-01 1.384e-02 139.551 6.8854e-01 1.351e-02
34.283 1.0053e+00 1.365e-02 94.042 9.4440e-01 1.343e-02 140.167 6.7785e-01 1.062e-02
35.291 9.9697e-01 1.361e-02 95.033 9.5495e-01 1.340e-02 140.521 6.8194e-01 1.343e-02
36.348 1.0055e+00 1.506e-02 96.021 9.4628e-01 1.357e-02 141.137 6.8120e-01 1.175e-02
37.336 1.0043e+00 1.379e-02 97.015 9.4515e-01 1.356e-02 141.154 6.6444e-01 1.049e-02
38.372 9.9636e-01 1.373e-02 98.013 9.3352e-01 1.332e-02 141.480 6.7517e-01 1.333e-02
39.403 9.9393e-01 1.370e-02 98.993 9.3486e-01 1.347e-02 141.497 6.7322e-01 1.078e-02
40.447 9.9241e-01 1.364e-02 100.000 9.0972e-01 1.302e-02 142.104 6.7237e-01 1.164e-02
41.489 1.0088e+00 1.389e-02 100.987 9.1023e-01 1.314e-02 142.475 6.8807e-01 1.103e-02
41.496 1.0060e+00 1.544e-02 101.967 9.0711e-01 1.477e-02 143.075 6.6952e-01 1.177e-02
42.479 9.8823e-01 1.516e-02 101.978 8.9320e-01 1.287e-02 143.448 6.7039e-01 1.091e-02
43.499 9.7554e-01 1.499e-02 102.970 8.9637e-01 1.457e-02 144.032 6.6552e-01 1.172e-02
44.577 1.0008e+00 1.541e-02 103.948 9.0229e-01 1.462e-02 144.434 6.6417e-01 1.085e-02
45.570 9.9338e-01 1.525e-02 104.943 8.9430e-01 1.464e-02 145.029 6.8574e-01 1.207e-02
46.586 9.9710e-01 1.531e-02 105.935 8.9673e-01 1.464e-02 145.380 6.6738e-01 1.094e-02
47.578 9.7511e-01 1.498e-02 106.922 8.9290e-01 1.456e-02 146.005 6.4756e-01 1.143e-02
48.679 1.0055e+00 1.545e-02 107.912 8.7817e-01 1.442e-02 146.345 6.5535e-01 1.071e-02
49.658 9.8411e-01 1.513e-02 108.876 8.6437e-01 1.424e-02 146.937 6.5105e-01 1.137e-02
50.724 1.0161e+00 1.575e-02 109.861 8.5013e-01 1.406e-02 147.354 6.5013e-01 1.054e-02
51.720 9.9796e-01 1.340e-02 110.829 8.5794e-01 1.422e-02 147.940 6.4440e-01 1.150e-02
51.725 9.9495e-01 1.545e-02 111.825 8.3592e-01 1.241e-02 148.292 6.4734e-01 1.073e-02
52.705 9.6890e-01 1.300e-02 111.826 8.3773e-01 1.391e-02 148.869 6.4038e-01 1.145e-02
53.721 9.6817e-01 1.304e-02 112.835 8.3187e-01 1.231e-02 149.303 6.4963e-01 1.077e-02
54.784 9.9599e-01 1.344e-02 113.798 8.1278e-01 1.204e-02 149.877 6.4552e-01 1.158e-02
55.777 9.8229e-01 1.323e-02 114.793 8.3587e-01 1.248e-02 150.234 6.4495e-01 1.073e-02
56.789 9.8476e-01 1.327e-02 115.783 8.2659e-01 1.237e-02 150.822 6.3406e-01 1.003e-02
57.782 9.7734e-01 1.318e-02 116.764 8.1927e-01 1.216e-02 150.874 6.2724e-01 1.129e-02
58.862 9.8862e-01 1.334e-02 117.751 7.9380e-01 1.193e-02 151.175 6.4515e-01 1.071e-02
59.844 9.8066e-01 1.325e-02 118.697 8.0560e-01 1.212e-02 151.212 6.3333e-01 9.500e-03
60.895 1.0169e+00 1.402e-02 119.676 7.9311e-01 1.200e-02 151.227 6.3413e-01 1.256e-02
61.852 9.9511e-01 1.540e-02 120.631 7.8075e-01 1.187e-02 151.785 6.3584e-01 1.007e-02
61.895 9.9797e-01 1.380e-02 121.630 7.8101e-01 1.187e-02 151.810 6.2502e-01 1.108e-02
62.854 9.8610e-01 1.525e-02 121.641 7.7423e-01 1.302e-02 152.176 6.3198e-01 1.038e-02
63.857 9.8774e-01 1.531e-02 122.640 7.6397e-01 1.287e-02 152.201 6.4858e-01 1.284e-02
64.877 9.8839e-01 1.534e-02 123.637 7.6924e-01 1.297e-02 152.249 6.1835e-01 9.430e-03
65.893 9.8256e-01 1.526e-02 124.587 7.6597e-01 1.299e-02 152.753 6.2492e-01 1.008e-02
66.949 1.0086e+00 1.565e-02 124.778 7.6190e-01 1.231e-02 153.170 6.2233e-01 1.249e-02
67.965 1.0114e+00 1.573e-02 125.553 7.6249e-01 1.294e-02 153.174 6.2535e-01 9.220e-03
68.931 9.9184e-01 1.543e-02 125.796 7.6544e-01 1.310e-02 153.706 6.3207e-01 1.022e-02
69.989 1.0018e+00 1.560e-02 126.543 7.5703e-01 1.262e-02 154.152 6.2717e-01 9.280e-03
70.970 1.0176e+00 1.584e-02 126.815 7.5093e-01 1.160e-02 154.154 6.2877e-01 1.263e-02
71.979 1.0070e+00 1.379e-02 127.504 7.4390e-01 1.247e-02 154.704 6.3452e-01 1.032e-02
71.993 1.0184e+00 1.592e-02 127.812 7.4070e-01 1.149e-02 155.092 6.1792e-01 1.247e-02
72.979 1.0096e+00 1.380e-02 128.533 7.2390e-01 1.234e-02 155.144 6.0416e-01 8.980e-03
73.980 9.9514e-01 1.366e-02 128.740 7.3307e-01 1.156e-02 155.678 6.1661e-01 1.000e-02
74.993 9.9932e-01 1.375e-02 129.465 7.3486e-01 1.250e-02 156.053 6.2119e-01 1.247e-02
76.002 1.0067e+00 1.385e-02 129.765 7.3204e-01 1.154e-02 156.099 6.2210e-01 9.260e-03
77.035 1.0046e+00 1.381e-02 130.445 7.3919e-01 1.258e-02 156.604 6.1319e-01 9.800e-03
78.043 9.9806e-01 1.379e-02 130.741 7.3116e-01 1.155e-02 157.001 6.3420e-01 9.490e-03
79.022 9.8401e-01 1.360e-02 131.398 7.2548e-01 1.118e-02 157.062 6.2174e-01 1.238e-02
80.054 9.9669e-01 1.380e-02 131.433 7.3259e-01 1.252e-02 157.608 6.1851e-01 1.015e-02
81.042 1.0012e+00 1.386e-02 131.707 7.2321e-01 1.148e-02 157.939 6.0549e-01 9.130e-03
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Table 14 (continued)
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
157.993 6.2314e-01 1.260e-02
158.531 6.1439e-01 1.013e-02
158.905 6.1730e-01 9.300e-03
159.004 6.1945e-01 1.254e-02
159.540 6.1779e-01 1.018e-02
159.903 6.1067e-01 9.310e-03
159.928 6.0559e-01 1.233e-02
160.483 6.0987e-01 1.107e-02
160.537 6.0153e-01 9.940e-03
160.864 6.1568e-01 1.249e-02
160.904 6.0672e-01 1.141e-02
160.914 6.1492e-01 1.013e-02
160.918 6.0040e-01 1.014e-02
161.476 5.9917e-01 1.080e-02
161.858 6.0441e-01 1.008e-02
161.864 6.1360e-01 1.229e-02
161.942 5.9866e-01 1.138e-02
162.428 6.2162e-01 1.126e-02
162.837 6.1121e-01 1.030e-02
162.860 5.9879e-01 1.112e-02
163.393 6.0759e-01 1.052e-02
163.805 6.0774e-01 9.750e-03
163.836 6.0155e-01 1.119e-02
164.342 6.0256e-01 1.055e-02
164.786 6.0118e-01 9.780e-03
164.827 5.7799e-01 1.079e-02
165.778 6.0103e-01 1.123e-02
166.673 6.0974e-01 1.144e-02
167.607 5.8933e-01 1.110e-02
168.570 6.0029e-01 1.129e-02
169.568 5.8848e-01 1.117e-02
170.128 6.0288e-01 9.950e-03
170.578 5.9434e-01 1.191e-02
170.582 6.0564e-01 1.230e-02
171.121 5.8586e-01 9.610e-03
171.519 5.9078e-01 1.194e-02
172.072 5.9372e-01 9.830e-03
172.497 5.9238e-01 1.205e-02
173.036 5.9254e-01 9.250e-03
173.462 5.9345e-01 1.166e-02
173.984 5.8776e-01 9.320e-03
174.443 5.9358e-01 1.176e-02
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Table 15
112Sn(α ,α)112Sn elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 18.84 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
20.837 1.0084e+00 1.457e-02 80.969 3.7159e-01 5.780e-03 141.404 5.5760e-02 1.180e-03
21.834 1.0018e+00 1.440e-02 81.030 3.7843e-01 5.420e-03 142.382 5.5590e-02 1.440e-03
22.872 9.9926e-01 1.435e-02 81.981 3.5955e-01 5.640e-03 143.859 5.2830e-02 1.380e-03
23.901 9.7235e-01 1.393e-02 82.031 3.6386e-01 5.320e-03 145.311 5.3560e-02 1.380e-03
24.937 9.9452e-01 1.422e-02 82.040 3.7327e-01 5.520e-03 146.757 5.1960e-02 1.350e-03
25.913 9.7006e-01 1.383e-02 82.056 3.7003e-01 5.630e-03 148.212 4.9170e-02 1.310e-03
26.983 9.5455e-01 1.358e-02 82.057 3.6668e-01 5.840e-03 149.660 5.0380e-02 1.360e-03
28.015 9.5034e-01 1.355e-02 83.041 3.5371e-01 5.290e-03 150.934 4.6900e-02 1.030e-03
29.068 9.6082e-01 1.366e-02 84.047 3.4122e-01 5.120e-03 151.122 4.8440e-02 1.290e-03
30.129 9.7290e-01 1.384e-02 85.018 3.3771e-01 5.110e-03 152.860 4.7660e-02 1.030e-03
31.104 9.8540e-01 1.396e-02 86.050 3.1123e-01 4.750e-03 154.988 4.5910e-02 8.961e-04
31.150 9.9420e-01 1.339e-02 87.053 3.0430e-01 4.670e-03 156.913 4.5820e-02 7.743e-04
32.147 9.8944e-01 1.331e-02 88.053 2.8711e-01 4.400e-03 158.840 4.2610e-02 8.075e-04
33.181 1.0022e+00 1.349e-02 89.053 2.7945e-01 4.240e-03 158.874 4.3750e-02 9.496e-04
34.207 1.0145e+00 1.367e-02 90.052 2.7114e-01 4.150e-03 160.602 4.1660e-02 9.476e-04
35.239 1.0411e+00 1.401e-02 91.052 2.6216e-01 3.930e-03 160.775 4.2880e-02 8.421e-04
36.218 1.0315e+00 1.387e-02 92.050 2.4948e-01 4.290e-03 162.524 4.0580e-02 9.068e-04
37.280 1.0586e+00 1.422e-02 92.050 2.5000e-01 3.830e-03 164.661 4.0220e-02 9.993e-04
38.309 1.0729e+00 1.444e-02 92.050 2.5150e-01 3.760e-03 166.580 4.0360e-02 9.137e-04
39.356 1.0917e+00 1.469e-02 93.047 2.4228e-01 3.700e-03 168.502 3.9430e-02 9.431e-04
40.410 1.1057e+00 1.495e-02 94.044 2.3642e-01 3.620e-03 168.538 3.8440e-02 1.030e-03
41.387 1.1047e+00 1.481e-02 95.054 2.3451e-01 3.650e-03 170.434 3.8780e-02 9.552e-04
41.430 1.1041e+00 1.567e-02 96.037 2.2006e-01 3.470e-03
42.460 1.1146e+00 1.583e-02 97.031 2.1327e-01 3.400e-03
43.383 1.0891e+00 1.547e-02 98.027 2.0655e-01 3.240e-03
44.460 1.0887e+00 1.545e-02 99.021 1.9485e-01 3.040e-03
45.447 1.0852e+00 1.541e-02 100.015 1.8839e-01 2.990e-03
46.511 1.0746e+00 1.526e-02 101.005 1.8020e-01 2.750e-03
47.518 1.0759e+00 1.531e-02 102.002 1.7491e-01 2.770e-03
48.565 1.0490e+00 1.492e-02 102.002 1.7231e-01 2.720e-03
49.582 1.0283e+00 1.466e-02 103.488 1.6106e-01 2.570e-03
50.573 1.0192e+00 1.446e-02 104.973 1.5512e-01 2.470e-03
51.604 1.0135e+00 1.436e-02 106.460 1.4639e-01 2.350e-03
51.664 1.0093e+00 1.374e-02 107.937 1.3935e-01 2.240e-03
52.688 9.9158e-01 1.356e-02 109.411 1.3123e-01 2.130e-03
53.625 9.6092e-01 1.314e-02 110.894 1.2664e-01 2.050e-03
54.688 9.3924e-01 1.283e-02 111.895 1.2495e-01 2.050e-03
55.677 9.1345e-01 1.250e-02 112.378 1.1998e-01 1.980e-03
56.729 8.8815e-01 1.216e-02 113.369 1.1683e-01 1.940e-03
57.734 8.6600e-01 1.194e-02 113.857 1.1675e-01 1.950e-03
58.772 8.4015e-01 1.156e-02 114.845 1.1194e-01 1.860e-03
59.785 8.0479e-01 1.115e-02 115.337 1.1217e-01 1.920e-03
60.777 7.8853e-01 1.080e-02 116.325 1.0444e-01 1.750e-03
61.801 7.6513e-01 1.046e-02 116.809 1.0519e-01 1.800e-03
61.803 7.6843e-01 1.101e-02 117.789 1.0456e-01 1.750e-03
62.833 7.4119e-01 1.060e-02 119.252 9.7540e-02 1.650e-03
63.838 7.0688e-01 1.015e-02 120.728 9.3680e-02 1.600e-03
64.878 6.8666e-01 9.820e-03 122.206 9.0650e-02 1.560e-03
65.888 6.6116e-01 9.460e-03 123.677 8.7420e-02 1.540e-03
66.890 6.3702e-01 9.120e-03 125.150 8.2470e-02 1.500e-03
67.892 6.1850e-01 8.910e-03 126.613 8.1080e-02 1.450e-03
68.920 5.9948e-01 8.570e-03 126.739 8.1160e-02 1.410e-03
69.928 5.7347e-01 8.230e-03 128.208 7.8530e-02 1.540e-03
70.947 5.5575e-01 8.030e-03 129.680 7.5100e-02 1.470e-03
71.945 5.3773e-01 7.560e-03 131.143 6.9990e-02 1.380e-03
71.950 5.3319e-01 7.780e-03 132.625 6.8980e-02 1.360e-03
71.999 5.3171e-01 7.900e-03 134.107 6.6790e-02 1.320e-03
72.965 5.2353e-01 7.320e-03 135.566 6.3940e-02 1.290e-03
73.968 4.9317e-01 6.970e-03 136.523 6.2090e-02 1.460e-03
74.993 4.7607e-01 6.670e-03 137.020 6.1200e-02 1.240e-03
75.999 4.5739e-01 6.420e-03 137.984 5.9410e-02 1.550e-03
77.000 4.4419e-01 6.230e-03 138.481 6.0670e-02 1.250e-03
78.000 4.2276e-01 6.030e-03 139.449 5.8360e-02 1.510e-03
79.016 4.1023e-01 5.740e-03 139.937 5.6490e-02 1.220e-03
80.020 3.9289e-01 5.550e-03 140.904 5.5990e-02 1.460e-03
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Table 16
124Sn(α ,α)124Sn elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 18.90 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
20.755 9.9945e-01 1.400e-02 77.834 3.7342e-01 5.390e-03 143.739 3.9730e-02 1.370e-03
21.806 9.9851e-01 1.395e-02 78.837 3.5055e-01 5.060e-03 145.193 3.7720e-02 1.310e-03
22.781 9.6804e-01 1.350e-02 79.844 3.3508e-01 4.780e-03 146.657 3.7890e-02 1.340e-03
23.877 9.9293e-01 1.382e-02 80.843 3.2126e-01 4.620e-03 148.113 3.4900e-02 1.250e-03
23.913 9.9293e-01 1.384e-02 81.844 3.0653e-01 4.490e-03 149.580 3.5640e-02 1.240e-03
24.854 9.4869e-01 1.319e-02 81.845 3.0476e-01 4.480e-03 151.037 3.5070e-02 1.240e-03
24.904 9.6870e-01 1.346e-02 82.846 2.9317e-01 4.320e-03 152.983 3.2820e-02 7.305e-04
25.874 9.6135e-01 1.333e-02 83.851 2.8308e-01 4.190e-03 154.920 3.2370e-02 6.963e-04
25.944 9.5557e-01 1.326e-02 84.853 2.7100e-01 4.040e-03 156.884 3.2310e-02 6.496e-04
26.895 9.6440e-01 1.334e-02 85.854 2.6119e-01 3.900e-03 158.806 3.1270e-02 7.310e-04
26.948 9.7871e-01 1.358e-02 86.856 2.4926e-01 3.760e-03 160.763 2.7020e-02 8.030e-04
27.892 9.4872e-01 1.312e-02 87.856 2.3741e-01 3.600e-03 162.694 3.1150e-02 1.060e-03
29.005 9.7004e-01 1.340e-02 88.855 2.2898e-01 3.470e-03 164.626 2.8960e-02 9.606e-04
30.123 9.7763e-01 1.350e-02 89.855 2.2112e-01 3.370e-03 166.586 2.8910e-02 9.642e-04
31.038 9.9148e-01 1.340e-02 90.853 2.1521e-01 3.280e-03 168.503 2.9150e-02 9.958e-04
31.108 1.0152e+00 1.401e-02 91.851 2.0359e-01 3.050e-03 170.457 2.9160e-02 1.110e-03
32.084 1.0115e+00 1.365e-02 91.851 2.0438e-01 3.180e-03
33.061 1.0056e+00 1.358e-02 92.849 1.9734e-01 3.080e-03
34.181 1.0653e+00 1.440e-02 93.845 1.8980e-01 2.990e-03
35.127 1.0563e+00 1.426e-02 94.842 1.8442e-01 2.940e-03
36.208 1.0759e+00 1.452e-02 95.838 1.7326e-01 2.770e-03
37.211 1.0922e+00 1.476e-02 96.832 1.6850e-01 2.730e-03
38.160 1.1012e+00 1.482e-02 97.826 1.6293e-01 2.660e-03
39.260 1.1160e+00 1.502e-02 98.823 1.5534e-01 2.530e-03
40.364 1.1295e+00 1.522e-02 99.813 1.4970e-01 2.470e-03
41.309 1.1033e+00 1.522e-02 100.808 1.4213e-01 2.330e-03
41.350 1.1425e+00 1.540e-02 101.799 1.3700e-01 2.190e-03
42.334 1.1111e+00 1.531e-02 101.805 1.3797e-01 2.290e-03
43.366 1.1156e+00 1.543e-02 103.294 1.2892e-01 2.160e-03
44.409 1.0986e+00 1.520e-02 104.777 1.2147e-01 2.040e-03
45.265 1.0907e+00 1.511e-02 106.259 1.1662e-01 1.950e-03
46.365 1.0672e+00 1.479e-02 107.739 1.1202e-01 1.880e-03
47.456 1.0570e+00 1.466e-02 109.222 1.0513e-01 1.740e-03
48.435 1.0293e+00 1.429e-02 110.707 1.0014e-01 1.690e-03
49.471 1.0222e+00 1.413e-02 111.704 9.8150e-02 1.800e-03
50.507 9.8458e-01 1.365e-02 112.187 9.5250e-02 1.660e-03
51.479 9.7528e-01 1.351e-02 113.187 9.1400e-02 1.690e-03
51.518 9.6952e-01 1.323e-02 113.668 8.9630e-02 1.570e-03
52.538 9.5667e-01 1.304e-02 114.658 9.0380e-02 1.660e-03
53.564 9.3857e-01 1.291e-02 115.144 8.7070e-02 1.510e-03
54.598 9.0675e-01 1.251e-02 116.131 8.2920e-02 1.530e-03
55.481 8.8734e-01 1.228e-02 116.622 8.0780e-02 1.440e-03
56.561 8.5015e-01 1.178e-02 117.599 8.0780e-02 1.490e-03
57.634 8.1912e-01 1.139e-02 119.076 7.4960e-02 1.360e-03
58.617 7.7317e-01 1.079e-02 120.555 7.2810e-02 1.350e-03
59.645 7.6029e-01 1.050e-02 122.027 6.9410e-02 1.340e-03
60.673 7.2010e-01 1.002e-02 123.502 6.5360e-02 1.260e-03
61.650 6.9886e-01 9.720e-03 124.969 6.2280e-02 1.200e-03
61.658 6.9951e-01 9.780e-03 126.441 5.9140e-02 1.170e-03
62.689 6.6987e-01 9.360e-03 126.575 5.9280e-02 1.390e-03
63.699 6.4485e-01 9.050e-03 128.045 5.5800e-02 1.320e-03
64.696 6.2730e-01 8.790e-03 129.529 5.5110e-02 1.260e-03
65.737 5.9897e-01 8.430e-03 131.010 5.3700e-02 1.220e-03
66.747 5.7452e-01 8.100e-03 132.493 5.0720e-02 1.160e-03
67.755 5.5623e-01 7.840e-03 133.960 5.0030e-02 1.100e-03
68.761 5.3432e-01 7.520e-03 135.422 4.8630e-02 1.080e-03
69.777 5.1308e-01 7.180e-03 136.381 4.7800e-02 1.700e-03
70.778 4.9470e-01 6.950e-03 136.892 4.7130e-02 1.100e-03
71.777 4.6825e-01 6.680e-03 137.844 4.6750e-02 1.670e-03
71.780 4.7327e-01 6.710e-03 138.354 4.5830e-02 1.060e-03
72.797 4.5005e-01 6.400e-03 139.323 4.3940e-02 1.560e-03
73.803 4.4106e-01 6.320e-03 139.826 4.4620e-02 1.020e-03
74.800 4.2268e-01 6.040e-03 140.799 4.4510e-02 1.560e-03
75.825 4.0303e-01 5.810e-03 141.289 4.3320e-02 1.010e-03
76.830 3.8138e-01 5.520e-03 142.278 4.0570e-02 1.430e-03
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Table 17
144Sm(α ,α)144Sm elastic scattering cross section (normalized to the Rutherford cross section) at the energy E = 19.45 MeV. See page 19 for Explanation of Tables
ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR) ϑc.m. (deg) σ/σR ∆(σ/σR)
15.023 9.9443e-01 1.136e-02 81.188 8.2501e-01 1.129e-02 149.154 1.5125e-01 1.919e-03
16.050 1.0003e+00 1.137e-02 82.193 8.0272e-01 8.556e-03 151.106 1.4843e-01 2.374e-03
17.076 9.9475e-01 1.145e-02 83.197 7.8205e-01 8.455e-03 153.057 1.4558e-01 1.767e-03
18.103 9.9632e-01 1.148e-02 84.201 7.7795e-01 8.465e-03 155.007 1.4175e-01 1.525e-03
19.129 1.0040e+00 1.137e-02 85.204 7.5133e-01 8.211e-03 156.957 1.4222e-01 1.730e-03
20.156 1.0128e+00 1.100e-02 86.207 7.3524e-01 7.913e-03 158.905 1.3723e-01 1.522e-03
21.182 1.0036e+00 1.037e-02 87.210 7.1104e-01 7.781e-03 160.853 1.3005e-01 1.662e-03
22.208 9.9883e-01 1.032e-02 88.211 6.9320e-01 7.676e-03 162.123 1.2510e-01 1.947e-03
23.233 9.9291e-01 1.027e-02 89.213 6.6963e-01 7.223e-03 162.801 1.2879e-01 1.678e-03
24.259 1.0037e+00 1.025e-02 90.214 6.4842e-01 7.207e-03 164.747 1.3078e-01 1.454e-03
25.284 9.9131e-01 1.021e-02 91.214 6.4119e-01 7.379e-03 166.694 1.3469e-01 1.571e-03
26.309 1.0053e+00 1.034e-02 92.214 6.2289e-01 6.993e-03 168.639 1.3041e-01 1.533e-03
27.334 1.0085e+00 1.055e-02 93.213 5.9840e-01 6.885e-03 170.585 1.1894e-01 1.797e-03
28.359 1.0027e+00 1.029e-02 94.213 5.8820e-01 6.838e-03 171.852 1.2050e-01 1.930e-03
29.384 1.0066e+00 1.050e-02 95.211 5.7078e-01 6.674e-03 172.530 1.2304e-01 1.940e-03
30.408 1.0198e+00 1.507e-02 96.209 5.5617e-01 6.342e-03
31.432 1.0206e+00 1.076e-02 97.207 5.4371e-01 6.362e-03
32.456 1.0133e+00 1.070e-02 98.204 5.2301e-01 6.245e-03
33.480 1.0101e+00 1.070e-02 99.200 5.0597e-01 5.776e-03
34.503 1.0028e+00 1.041e-02 100.196 4.8451e-01 5.816e-03
35.526 9.9627e-01 1.052e-02 101.192 4.7642e-01 5.135e-03
36.549 9.9647e-01 1.050e-02 102.187 4.5164e-01 5.075e-03
37.571 9.8968e-01 1.078e-02 103.181 4.3703e-01 4.814e-03
38.593 9.7495e-01 1.026e-02 104.176 4.2290e-01 4.765e-03
39.615 9.6950e-01 1.053e-02 105.169 4.1079e-01 4.641e-03
40.637 9.6466e-01 9.774e-03 106.162 3.9585e-01 4.459e-03
41.658 9.7528e-01 9.890e-03 107.155 3.8909e-01 4.381e-03
42.679 9.7642e-01 9.888e-03 108.147 3.7559e-01 4.237e-03
43.700 9.8185e-01 9.900e-03 109.139 3.7004e-01 4.182e-03
44.720 9.9564e-01 1.074e-02 110.131 3.5743e-01 4.072e-03
45.740 9.9389e-01 1.079e-02 111.122 3.5313e-01 4.444e-03
46.760 1.0090e+00 1.032e-02 112.112 3.4082e-01 4.114e-03
47.779 1.0311e+00 1.071e-02 113.102 3.2933e-01 3.854e-03
48.798 1.0241e+00 1.043e-02 114.091 3.2274e-01 3.899e-03
49.816 1.0356e+00 1.062e-02 115.081 3.1234e-01 3.788e-03
50.834 1.0309e+00 1.492e-02 116.069 3.0205e-01 3.646e-03
51.852 1.0264e+00 1.054e-02 117.057 2.9361e-01 3.544e-03
52.870 1.0372e+00 1.062e-02 118.045 2.8855e-01 3.479e-03
53.887 1.0473e+00 1.063e-02 119.032 2.8037e-01 3.401e-03
54.904 1.0615e+00 1.211e-02 120.019 2.7391e-01 3.347e-03
55.920 1.0585e+00 1.219e-02 121.006 2.6823e-01 3.082e-03
56.936 1.0729e+00 1.117e-02 121.992 2.6231e-01 3.344e-03
57.951 1.0859e+00 1.161e-02 122.977 2.5435e-01 3.211e-03
58.966 1.0707e+00 1.106e-02 123.963 2.4514e-01 3.143e-03
59.981 1.0765e+00 1.126e-02 124.947 2.4257e-01 3.096e-03
60.995 1.0784e+00 1.244e-02 125.932 2.3291e-01 2.998e-03
62.009 1.0856e+00 1.107e-02 126.916 2.2770e-01 2.937e-03
63.023 1.0811e+00 1.110e-02 127.899 2.2438e-01 2.859e-03
64.036 1.0562e+00 1.089e-02 128.883 2.1325e-01 2.783e-03
65.048 1.0508e+00 1.067e-02 129.865 2.0998e-01 2.741e-03
66.060 1.0530e+00 1.090e-02 130.848 2.0899e-01 2.460e-03
67.072 1.0813e+00 1.139e-02 131.830 2.0525e-01 2.878e-03
68.083 1.0539e+00 1.114e-02 132.812 1.9583e-01 2.720e-03
69.094 1.0510e+00 1.115e-02 133.793 1.9263e-01 2.712e-03
70.105 1.0272e+00 1.085e-02 134.774 1.8840e-01 2.651e-03
71.114 9.9017e-01 1.971e-02 135.755 1.8559e-01 2.613e-03
72.124 9.5337e-01 9.888e-03 136.735 1.8482e-01 2.600e-03
73.133 9.7721e-01 1.027e-02 137.715 1.7488e-01 2.366e-03
74.141 9.3970e-01 9.940e-03 138.695 1.7477e-01 2.488e-03
75.150 9.0827e-01 9.355e-03 139.674 1.7163e-01 2.437e-03
76.157 9.0651e-01 9.656e-03 140.653 1.7070e-01 2.410e-03
77.164 9.4688e-01 1.041e-02 141.334 1.7327e-01 2.587e-03
78.171 9.0078e-01 9.967e-03 143.291 1.6624e-01 2.627e-03
79.177 8.8001e-01 9.813e-03 145.246 1.6039e-01 2.033e-03
80.183 8.7745e-01 9.689e-03 147.201 1.5589e-01 1.931e-03
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Graph 1. Elastic (α ,α) scattering angular distributions of 89Y and 92Mo.
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Graph 2. Elastic (α ,α) scattering angular distributions of 106Cd and 110Cd.
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Graph 3. Elastic (α ,α) scattering angular distributions of 116Cd, 112Sn, 124Sn, and 144Sm.
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